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During the last quarter century numerous studies have 
been directed toward the development of methods for 
forecasting minimum temperatures by the use of empirical 
mathematical formulae. While many such formulae 
have been suggested, it appears to the writer that they 
are quite generally identical in principle and differ from 
one another only with respect to the general form of 
equation used to represent the minimum temperature as 
some function of preceding temperature and/or hy 
metric. This paper presents the results of applications 
of an entirely new form of radiation equation to minimum- 
temperature forecasting in two southern California fruit- 
frost districts and compares the values obtained with those 
derived through empirical formulae already in use in these 
districts. 

The minimum temperature formula in general use today 
throughout all fruit-frost districts on the Pacific coast was 
developed by Young (1) and takes the general form: 

T=d— (1) 
where d and h are the 4:40 p. m. dewpoint and relative 
humidity; Vz and V, are corrections which depend upon 
dewpoint and relative humidity; and n is a number which 
varies between districts and with cloudiness. For both 
the Riverside and El Centro key stations used in this 
study, n takes the value of 30 for clear or partly cloudy 

ights and 35 for cloudy nights. 

t is not the purpose of this paper to analyze the various 
types of empirical minimum-temperature formulae; this 
has been accomplished by Ellison (2), who also presents a 
quite complete bibliography of the subject up to 1928. 
An examination of equation (1), however, reveals that 
the only variables in the formula are dewpoint and 
relative humidity. Since it is built up from hygrometric 
and minimum temperature data plotted together on a dot 
chart, other factors which affect the rate of temperature 
fall are indirect:y included and it is not possible to sub- 

uently reniove these factors singly for analysis. 

Vhile these empirical formulae appear to succeed 
exceedingly well in areas where wind is lacking and low 
tlouds are of infrequent occurrence on frost nights, they 
are not so successful in windy or cloudy districts. 

Accordir.g to Brunt (3, p. 125),“* * * the net outward 
radiation at night from the earth’s surface depends only 
on atmospheric conditions and on the temperature of the 
eatth’s surface.” Nevertheless, the temperature changes 
in th» ezarth’s surface produced by a given amount of 
radiation depends upon the rate at which heat is con- 
ducted to the surface from below to replace that lost 


through radiation. This rate, in turn, depends upon the 
density (m,), specific heat (c,), and the specific conduc- 
tivity of heat (x,) of the soil surface. Values for density 
and specific heat of various types of soils are given in 
tables 1 to 3. Johnson and Davies (4) have computed 
values of «,, but give results for one type of soil only. If 
soil thermographs are available, however, this coefficient 
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Figure 1.—Minimum-temperature-formula correction based on maximum tempera- 
ture and pressure differences between Tonopah and Los Angeles. 


may be computed (4) for any soil from measurements of 
lag in time of occurrence of maximum temperature at two 
depths by using the following expression: 


t (2) 


where ¢t is 24 (hours), 2, and 2, are two depths in the soil, 
and L is the lag in time (seconds) of occurrence of maxi- 
mum temperature at depths 2, and 2. 


TABLE 1.—<Specific gravities of composite soil separates: Whitney ' 


Specific 


Conventional name gravity 
(mm) 
-1 2. 647 
1 -5 2. 655 
Medium sand 56 -.25 2. 648 
.25 - .10 2. 659 
| .050- . 005 2. 608 
-| .005- . 000 2. 837 


1 Soils, Lyon and Fippiu, Macmillan Co., N. Y. 1912. 5th Ed. p. 95. 
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Taste 2.—Specific heat of soils (equal weights) ! 


| 1] 

Specific || 
Soll type | Soil type 

Norfolk sand 0.1848 || Podunk fine sandy loam. 0. 1828 
Hudson River sand . 1769 || Leonardtown silt loam... .....-- 1944 
Fine sand (soil separate) . 1799 || Hagerstown loam............... .19l4 
Fine quartz flour . 1900 || Galveston clay 2007 

Coarse sand (quartz) a . 1900 || Muck soil (25 percent organic 


! Patten, H.F., Bulletin 50, Bureau of Soils, U.8.D.A. 1909, p. 34. 


TaBLE 3.—-Effect of moisture on the specific heat of Podunk fine 
sandy loam ' 


Molsture content (percent of Specific Moisture content (percent of — 
eat 


dry weight) eat | dry weight) 
1.33 1935 || 10.08...... 2575 


! Specific Honts of Soils: Patten, H. F., Bulletin 59, Bureau of Soils, U. 8. D. A. 


Brunt concludes that the net loss of heat by radiation 
from the ground, Jy, is: 


Ry=nne( (3) 


where z-is the depth, and if Ry is assumed to be constant, 
then the temperature at z=0 is given by: 


where ¢ is the time in hours. 

Brunt shows further that data on radiation from the sky 
obtained by various investigators may be very accurately 
by the formula: 


R/oT*=a+bye (5)! 


where R is the measured radiation, ¢ is Stefan’s constant 
(8.22107"), « 7'* is the total black body radiation at the 
surface temperature 7’, and e is the vapor pressure at the 
surface (in mb). He obtains somewhat different values 
for a and 6 in the cases of various sets of data but suggests 
that instrumental causes probably account for these 
differences. 

In view of the fact that the fall in temperature during 
the night is only a small part of 7, it may be assumed as & 
first approximation that Ry is constant, and since: 


Ry=oT'*(1—a—bye) (6) 
then, by combining equations (4) and (6), he obtains: 
byt (7 
vr \ es v , 


where 7; is the air temperature at sunset. 

By assigning values for p,, ¢,, and «, (tables 1 to 5), 
appropriate for the soil conditions at the Riverside key 
station, and taking the mean of the values for a and 6 
given in table 6, and assuming 7' constant at 280°, then 
equation (7) for the Riverside station becomes: 


T,= To—12.1 (0.56—-0.08 Ve) Vt (8) 


where 7, is the 4:40 p. m. air temperature. By taking ¢ 


' Equation (6) should be regarded as entirely empirscal with the strictly theoretical 
justification in doubt. 
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constant at 13.5 hours,? equation (8) may be further 
simplified to: 
1=7)—44.5 (0.56—0.08 Ve) (9) 


Using the appropriate soil constants, equation (7) for 
the El Centro key station becomes: 


T,= T,—45.24 (0.56—0.08 ye) (10) 
TaBie 4.—Specific conductivity of heat of soils ! 
{Calculation of « from time lag] 


Z; (ems.) Z: (ems.) L (hours) « from eqn. 1 


2. 54 7.5 1. 55 5.7X10-3 
2. 54 15. 25 45 4.2x10~ 
2. 30.5 10.1 

Mean ? 47X10° 


1 Johnson and Davies. Q. J. Roy. Met. Soc. 33, 22, 1927. 

2 In one series during a period without rainfall, they found the value of « to be 0.0035 
and for a series during a period with heavy rainfall, a va'ue of 0.0041, a difference of 0.0008. 
This difference is due to the fact that the water which replaces the air in the soil has a 
higher conductivity than the air. 


TaBLeE 5.—Relative conductivity of soil material 


Dry 
Soll material Wet 


100. 0 106.7 201.7 

90.7 90.7 94.3 
100.0 174.0 189.0 


Fy Conductivity of Soil Material; Pott, H. E., Landw. Versuchs-Stationen, 
» P. 288, 


TaBLe 6.—Values of a and b determined by various investigators ' 


Range of 
b ¢ (mb.) 

. 48 . 058 5-15 

Boutaric (France) . 60 . 042 3-11 

Robitsch (Lindenberg) - . 34 .110 3-22 

Ramanathan and Desai 26 120 8-18 


! Brunt, D., Physical and Dynamical Meteorology, 1934, p. 124. 


The results of applying Brunt’s equation to minimum- 
temperature forecasting on 25 clear nights at the River- 
side station when temperatures fell to 34° F or lower at 
some station in the Corona district, are given in table 7. 
This station exemplifies excellent radiation conditions and 
the empirical minimum temperature formula is quite 
successful. It may be observed that the minimum 
temperature computed after Brunt averages too low for 
the observed minimum temperatures at this station. This 
is the expected result when it is considered that the effects 
of wind on retarding the temperature fall by mixing the 
surface layers of air, are not taken into consideration by 
this equation, whereas the empirical formula in use at the 
station tends to raise the formula estimate in cases of low 
vapor pressures, which are, in these districts, generally 
indicative of wind. 


1 A difference of 1 hour for ¢ in equation (8) (between ¢= 13 and f=14) would result in an 
error of only 0.6° C in the formula estimate at the mean vapor pressure for this station. 
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It may also be observed that the average departure of 
the computed minimum temperature from the observed 
is greater in the case of Brunt’s equation than in the case 
of the empirical formula. Since the empirical formula, 
however, is built up from mean conditions, it should be 
less erratic than the equation obtained by fitting Brunt’s 
formula to the temperatures and vapor pressures at a 
particular hour. 


TaBLe 7.—Computed and observed minimum temperatures for the 
Riverside key station on clear nights with minimum temperatures 
below 34° F. at some station in the district 


Mini- | Formula | Formula 
4:40 4:40 For- For- mum | temper- | temper- 
p.m. | 5m mula | mula tem- ature ature | wind (4:40 
1937-38 air vapor tem- tem- pera- (Brunt) (Young) p. m ) 
: tem- res- | Pera- | pera- ture minus minus | peanfort 
pera- | Pr | ture | ture | follow- | shelter | shelter 
ture (Brunt)| (Young)| ing a.m.| temper- | temper- 
inshelter| ature ature 
°C Mb. °C °C °C 
Nov. 26 15.6 10.1 2.0 1.7 2.2 0.2 —0.5 | Light, 
27 17.2 10.1 3.6 2.8 1.7 +19 +1.1 Do. 
Dec. 6 16.1 8.0 1.2 .6 —.6 +18. +1.2 Do. 
7 15.0 8.0 .0 +.1 .0 Do. 
14 12.8 10.5 —.6 -6 1.1 -17 Do. 
15 13.3 10.9 1.1 2.2 Do. 
16 13.3 10.9 2.2 —-2.1 -11 Do. 
18 19.4 5.3 2.7 6 11 +16 —.5 | Moderate 
20 12.8 29°; —60 11 —7.1 —2.2 Do. 
21 11.7 5.8 —4.6 —2.2 —2.2 —2.4 .0 | Light, 
24 8.3 9.4 —-5.7 -.6 ~-.6 .0 Do, 
Jan. 3 12.2 11.7 —.5 .0 17 —2.2 -1.7 Do. 
4 16.7 6.9 | —.6 +11 —.6 Do. 
5 16.7 6.9 11 —.6 —1.7 +2.8 +11 Do, 
6 13.3 8.4 —1.3 1.1 .0 —-L3 +1.1 Do, 
16.7 3.8 —-1.3 —.6 .0 —13 —.6 | Moderate, 
22 15. 6 9.4 1.6 1.7 .0 +1.6 +1.7 | Light. 
23 18.3 3.6 an —.6 .6 —.5 —1.2 | Moderate. 
24 14.4 3.8 —3.6 -11 -Lil —2.5 .0 | Gentle. 
25 16.1 3.5 —2.1 -Lil L1 —3.2 —2.2 | Moderate. 
29 9.4 10.9 —-3.8 6 -Ll —2.7 1.7 | Light. 
Feb. 1 11.1 6.9 —4.5 -.6 1.7 —6.2 —2.3 0. 
6 15.0 5.8 -11 —1.1 -.2 .0 0. 
12 10.6 8.7 —3.8 —2.7 .0 Do. 
13 10.6 8.0 —4.3 -1.7 .0 —1.7 Do. 
Mean. 14.1 7.6 —1.2 0. .3 12.3 1LO 
Mean 
(°F) 57.4 () 2.8 32.0 32.5 14,1 11.8 


Brunt’s equation was also applied to data accumulated 
on 25 clear nights at the El Centro key station (table 8) 
where empirical formulae are not so successful. It was 
found that the formula estimate computed after Brunt 
tended to average slightly too high while the mean de- 
arture from the actual minimum temperature was quite 
arge. It may be remarked in this connection that the 
4:40 p. m. observation at El Centro is made in a grape- 
fruit grove several miles from town and, as a result of 
transpiration from foliage and local irrigation in the 
vicinity of the station, vapor pressures average much too 
high to be representative of vapor pressures over the 
valley as a whole. This is evidenced by comparing the 
4:40 p. m. dewpoints with those obtained at an urban 
station in El Centro at 7 p. m. The latter dewpoints 
are invariably lower than those obtained in the grove. 
For the data in table 8, the 7 p. m. dewpoints average 
6° F. lower than those at 4:40 p. m.* with a maximum 
difference of 15.5° F. on January 23. This mean differ- 
ence in dewpoints would lower Brunt’s estimate from 
1° C. to 2° C. It has not been deemed advisable to 
substitute these 7 p. m. vapor pressures in Brunt’s equa- 
tion, however, since the El Centro empirical formula has 
been constructed from data obtained at the grove station 
and it was desired to compare the two formulae by using 
identical data. 


§ This difference in mean dewpoints is too great to be assigned to purely diurnal effects 
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TaBLE 8.—Computed and observed minimum temperatures for the 
El Centro key station on clear nights with minimum temperatures 
below 32° F. at some station in the district 


Mini- 
| mum mula mula 
4:40 4:40 For- For- tom. | m- tem- 
; 5 mula | mula pera- pera- 
p.m. | p.m. | tem- | tem- — ture ture Wind 
1937-38 air vapor ture > (mean) 
tem- | pres- | | Pera | follow. | (Brunt) | (Young)! Reaufort 
ture ture ture ings. minus minus 
(Brant)| (Young)| | Shelter | shelter 
ter tempera- | tempera- 
ture ture 
Mb °C °C °C be °C 
Dec. 6 16.2 11.5 3.1 3.1 1.7 +14 +1.4 | Light 
21 12.1 —2.8 —2.1 +1.0 Calin. 
15. 1.4 -8 +.6 0. 
8 13.7 8.9 -.9 .8 Light. 
10 14.6 —1.0 -.8 —.6 Do. 
il 16.2 9.6 2.1 1.8 .0 +2.1 +1.8 | Calm. 
12 17.9 8.7 3.2 1.6 .0 +3.2 +1.6 Do. 
16 16.9 11.0 3.6 29 19 +1.7 +10 Do. 
17 21.6 11.4 8.5 3.8 4.3 +4.2 —.5 | Moderate 
20 13.6 6.2 —2.7 —1.7 6.3 —9.0 —8.0 Do. 
21 17.9 6.4 1.7 —.1 +.9 —.9 | Light. 
22; 207) 60 2.3 —.7 +3.0) Calm. 
23 18.7 8.9 4.0 2.1 —2.3 +6.3 +4.4 Do. 
24 13.1 5.1 —4.0 —2.7 —-1.9 —2.1 —.8 | Light. 
25 12.2 6.9| —4.4 —2.6 —.6 —3.8 —2.0 0. 
26 16.0 7.1 .2 —.3 -.1 +.3 —.2 | Calm, 
27 17.8 8.6 3.1 1.4 -.1 +3.2 +15 Do. 
30 15.6 8.5 9 9 —.5 +1.4 +1.4 Do. 
Feb. 1 15.7 15.2 4.5 4.3 1.8 +2.7 +2.5 | Light. 
2 16.1 9.0 1.6 12 4.9 —3.3 —3.7 Do. 
4 18.2 8.4 3.4 1.4 5.5 —2.1 —4.1 | Moderate. 
10. 6.4 —65.6 —4.4 —2.0 | Calm. 
Mean. 16.0 8.4 +11 +0. 7 +1.0 12.8 | 12.1 
_ 60.8 (*) 34.0 33.3 33.8 15.0 | 13.8 
| Average departure less of sign. 


Mean dewpoint 40° F. 


Values obtained by applying Brunt’s equation (with 
T constant at 273°) to data collected at El Centro during 
the freeze of January, 1937, are presented in table 9. 
Evidently the vapor pressures obtained during this period 
when wind movement was fairly rapid and consistent, 
were more representative of conditions over the district 
since the computed minimum temperatures average 
considerably lower than the observed. These values are 
interesting in that they give some idea as to how low 
temperatures might have fallen in the El Centro district 
if factors such as wind, and the effects of general irrigation 
for frost protection, had not interfered with the tempera- 
ture fall. 


TaBLE 9.—Computed and observed minimum temperatures at El 
Centro for the freeze of January 19387 


| | 
| | | Actual 


| | Formula | Formula 
4:40 4:40 —_ | tempera- | tempera- —_— 
p. m. Formula | Formula tempera-| | 
1037 air | | tempera- | tempera- pera! (Brunt) | (Young) 
tem- por | ture | ture cure minus | minus | ,Pere- 
res- | , follow- | ture in 
pera- — | (Brunt) | (Young) |j,o4 m shelter | shelter dis 
ture |.° | | tempera- | tempera- 
ture ture | ‘let 
| shelter | 
mb | 2c. °C. | 
Jan. 6.1 —5.6 —6.0 —7.2 
10_. 7.3 61) —44 —3.7 | .0 —5.6 
21..; 44 16) +.1]) —1L1 
233... 5.6 2.4 —10.9 —6.7 —7.8 —3.1 +11 —8.8 
12.2 6.6 —2.2 —1.7 —§.2 | +3.0 | +3.5 —6.7 
25... 10.0 4.1 —6.1 —3.9 —65.0 | +11 —8.9 
Mean.| 7.2| 3.9 | 138 | 
Mean: 
wt Ae 45.0 @ 15.4 21.9 21.0 16.8 | 12.0 17.4 
! Average departure diless of sign. 
Mean dewpoint 22° 


| 
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Since the net loss of heat by the earth’s surface on cloudy 
nights is diminished by an amount approximately equal 
to the radiation from the base of the did, it should be 
to correct any minimum temperature formula 
or cloud effects if data regarding radiation from cloud 


_ surfaces or the effects of clouds on radiation from the 


earth, can be obtained. Askléf (5) presents data on the 
net radiation from the ground on clear nights and on 
cloudy nights (table 10) and, while these data are some- 
what meager, they may be utilized in this study until 
more complete observations concerning radiation on 
cloudy nights are available. 

Angstrém (6) computes that the net loss of radiation 
from the ground on p trie nights is: 


Ra—(1—0.09m) Ry (11) 


where R,, is the net loss of radiation from the ground 
with m tenths of the sky covered by, cloud, and R, is the 
net radiation on clear nights. ngstrém’s formula, 
however, obviously cannot deal with clouds of different 
heights. 


Taste 10.—Values of K for various cloud heights computed from 
Askléf’s radiation data 


Average | Net radiation 
Cloud type height (Askléf)! 
(km) (gm =cal./em?) Ro 
Nimbus, stratus or strato-cumulus..........-.. 1.5 0. 023 0. 864 
Aito-cumulus 2.8 . 039 . 769 
6.4 . 135 . 200 


! Geog. Annaler, Stockholm, #, 1920, p. 253. 


By taking Asklof’s radiation data contained in table 10, 
it is possible to compute a correction (K) for cloudiness 
to be applied to Brunt’s equation such that: 


R 
12 

Ry (12) 
where R,, is the net raidation on a totally cloudy night 
and R, is the net radiation on a clear night. Then if the 
temperature fall during the night, as computed by 
equation, is At, it follows that: 


where m is the number of tenths of sky covered by cloud. 
By plotting the values for K given in table 10 as a function 
of cloud height, a curve is obtained which may be approx- 
imately represented by: 


K=0.92—0.005h—0.017h? (14) 


where A is the height of the base of the clouds above the 
surface (in kilometers). 

The results of applying the correction K to Brunt’s 
estimate of the minimum temperature on 15 nights with 
clouds at the El Centro key station, are given in table 11. 

On first analysis, Brunt’s equation appears considerabl 
more accurate than Young’s formula for these data. It 
should be considered, however, that Young’s formula has 
been constructed from data accumulated on cold nights ¢ 
and is therefore intended to apply only on nights which are 
generally clear or, at most, on nights when clouds clear 
early in the forecast period. The cloud data contained in 
table 11 are for mean conditions throughout the night and 


* Por frost forecasting purposes, a cold night fs defined as one on which the temperature 
falls to 82° F, or lower, at one or more stations in the fruit-irost district 
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while it is not usually possible to predict the actual height 
of clouds during the night or the mean percentage of sky 
covered by clouds with any great degree of accuracy, the 
order of magnitude of the temperature correction for 
varying cloud conditions is well illustrated in the table. 


TaBLe 11.—Computed and observéd minimum temperatures for the 
El Centro key station on a series of cloudy nights 


<2 no 
Date | $5 | S2 | 82 |S8E/SE 
~ 
E E>s Wind 
°C mb °C °C °C °C °C 
Jan. 12.1 9.8 | —0.8 0.5 |-0.7 | —0.1 | +5.7 0.1 Ast._..| Lighi. 
18 | 21.1 $.7 10.7 4.1 9.9 +.8 | —5.8 3 StCu__| Moderate 
16.7) 8&3 8.5 -9} +10] —6.6 8.Cu.- Do. 
13.1 98 4 18) —.4] +.8] .1 | StCu..} Calm. 
31 | 13.6 6.6 86 2.4 +.9 | —5.3 8tCu.. Do. 
Feb. 5| 14.4 7.8 1.5 -.2 1.9 —-2.1 on ACu ..| Light. 
6}; 7.8 2.6 -6) +21 +.3 wn ACu .. Do. 
7) 17.4) 7.3 3.4 -4) 3.3] +.1]) .5 CiSt._.| Calm. 
8 | 15.5] 10.6 6.2 1.9] 6.7 —.5| .4 ACu .. Do. 
9; 16.6) 05 4.9 43] .2 | StCu__| Light. 
10 | 21.0 | 12.8 9.6 4.9) 4.9) +47 .4 CiSt. Do. 
9.9 12.3 2.7) 11.1 | +1.2] StCu Moderate 
14 | 18.1 8.2 6.6 1.4 7.3 —.7| —5.9 ASt Do. 
16} 91 1.9 1.2] 1.6] —.4] .2 | StCu._} Calm. 
13.3) 6.6 7.0; 6.7 +.3 —8.0 Do. 
Mean.| 16.3; 8&9 5.6 1.5 4.8) 141 35 
61.3) 42.1 34.7 | 40.6 81.8) 27.4 
) 


1 Average departure regardless of sign. 
* Mean dewpoint 42° 


The effects due to the mechanical action of night winds 
are difficult to determine in the ordinary minimum tem- 
perature formula. Such winds are of frequent occurrence 
in most districts and the tendency, in practically all cases, 
is to raise the surface temperature through mixing the 
warmer air aloft with that which is undergoing cooling at 
the surface. In extreme cases, the temperature inversion 
may be completely destroyed. 

ince the total effect of a given wind velocity on the 
minimum temperature will depend upon the temperature 
gradient aloft at low levels, it Gesteuas necessary to obtain 
some measure of temperatures at heights above the sur- 
face. Young (7) has shown that the vertical temperature 
gradient at low levels is largely a function of the maximum 
temperature during the day. Johnson (8), in an unpub- 
lished paper, has utilized this principle and presents the 
results of applying a correction to the minimum tempera- 
ture at Corona, Calif., based upon pressure differences and 
maximum temperatures. He has taken the pressure 
difference between Tonopah, Nev., and Los Angeles as 
being representative of actual existing pressure gradients. 
It would probably be better to obtain gradients directly 
from the evening weather map and compute probable 
wind velocities for these data. 

If probable wind velocities for the night can be deter- 
mined, they should be substituted in figure 1° in place of 
differences. Such corrections, however, cannot 

rag ergy until a long series of observations is avail- 
able. 

If meteorological conditions can be assumed to remain 
constant throughout the duration of the night, then all 
possible variable factors have been accounted for in the 
equations which have been presented in this paper. Any 
significant change in conditions, however, will result in 


5 Fig. 1 was built up from pressure and minimum temperature data accumulated at the 
Corona key station over a period of 5 years. 


- 
| | | 
| 
T,= T,—At(1— Km) (13 
| 
bs 
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errors in any equation used to forecast the minimum 
temperature. Angstrém (9) has introduced a value At, 
into his minimum temperature formula which takes into 
account changes of air mass and conditions dependent 
upon the weather map. It appears to the writer, how- 
ever, that it would be more logical to analyze the weather 
map for expected changes in conditions and modify the 
formula estimate on the basis of these expected changes. 
For example, it is entirely possible to compute minimum 
temperatures for air masses which are already present on 
the evening weather map but which have not yet invaded 
the region for which minimum temperature forecasts are 
to be prepared. 
CONCLUSIONS 


ape see. to Krick (10), Brunt’s equation should be 
more valuable in forecasting minimum temperatures than 
purely empirical formulae. Nevertheless, it is difficult to 
determine the proper soil constants with any degree of 
accuracy and, it its present status, it is far less accurate 
than the empirical formulae already in use. Since Brunt’s 
equation assumes that the minimum temperature mea- 


TABLE 12.—Comparison of minimum temperatures recorded in a 
standard fruit-region shelter at the El Centro key station to the 
minimum temperatures recorded by a thermometer exposed on the 
ground open to the sky 


Shelter 
mum tem- 
perature Mean 
Date perature perature 
on groun 
in shelter ! ground 1 tem- 
perature Clouds Wind 
1 °C *¢ “¢ Amount Type 
Jan. 16 1.9 0.3 1.6 _ | eas Calm. 
17 4.3 2.4 1.9 i] ere Moderate. 
18 9.9 5.3 4.6 > Do. 
19 7.5 2.9 4.6 Do. 
20 6.3 6.1 Do. 
21 8 -.9 1.7 Light. 
22 —-.7 —3.4 2.7 Calm 
23 —2.3 —6.3 4.0 Do. 
24 -1.9 —6.9 5.0 Light. 
25 —.6 —5.1 4.5 _ Do. 
2% -.1 —4.4 4.3 Calm. 
29 —-.4 —4.6 4.2 Do. 
30 —.5 —47 4.2 Do. 
31 7.7 4.1 3.6 Do. 
Feb. 1 1.8 —2.7 4.5 Light. 
2 4.9 -14 6.3 Do. 
4 5.5 0 5.5 | ere Moderate 
5 1.9 0 1.9 Light. 
6 -5 —3.7 4.2 |. Do. 
7 3.3 2.5 Calm 
6.7 2.9 3.8 Do. 
9 4.3 8 3.5 Light. 
10 49 1.6 3.3 Do. 
11 11.1 4.9 6.2 Moderate 
13 5.6 —1.7 7.3 Light. 
14 7.3 1.6 4.7 Moderate 
16 1.6 —4.5 6.1 alm. 
17 —1.2 —6.4 5.2 Do. 
18 6.7 6.8 Do. 
Mean 3.2 -.1 
Mean 
(* F) 37.8 30.0 


1 Minimum temperature occurs on the morning following the date listed, 
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sured in a standard instrument shelter varies directly as 
the soil temperature in the immediate vicinity of the 
shelter, it is interesting to compare the extreme variability 
between temperatures measured in a standard fruit region 
shelter at the El Centro key station and those recorded 
by an aluminum-backed minimum thermometer placed 
directly on the ground approximately 10 feet from the 
same shelter. These data are presented in table 12. 
Obviously, Brunt’s equation in its present form cannot 
present minimum temperatures with any greater degree 
of accuracy than this relationship. 

Since such variabilities mentioned above, however, are 
due largely to wind (and clouds), it would be possible to 
prepare corrections for Brunt’s equation depending upon 
wind, cloudiness, and other variable factors which are 
already indirectly considered in the empirical formulae, 
and its accuracy would no doubt be greatly increased. 

In spite of the present inaccuracies of the equation for 
forecasting purposes, it is believed that its use is highly 
justified as a supplement to present minimum temperature 
formulae. It has also proved to be invaluable as a study 
device. 

For example, Brunt’s equation in its present form may 
be used in a qualitative manner to: 

1. Give some idea of the time it will be necessary to 
light orchard heaters on frost nights. 

2. Indicate the rapidity with which temperatures may 
fall during calm periods on nights with low vapor pressures. 

3. Compute the order of magnitude of the correction for 
differences in the length of night. 

4. Forecast the probable effects on minimum tempera- 
tures of changes in air mass with known vapor pressures 
and temperatures. 

5. Determine the effects of changes in soil moisture and 
soil cover on the rate of temperature fall. 

6. Forecast minimum temperatures for new frost sta- 
tions where date necessary for the construction of empiri- 
cal minimum temperature formulae have not yet been 
collected. 
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THE WEATHER OF 1939 IN THE UNITED STATES 


By R. J. Martin 
{Weather Bureau, Washington, D. C. February 1940] 


The year 1939 averaged slightly cooler than the pre- 
ceding year, but was still warmer than normal nearly 
everywhere in the United States. Precipitation, parti- 
cularly during the growing season, was subnormal in 
large central and eastern areas, and in much of the West. 
For the year as a whole, only 10 of the 42 climatological 
sections into which the continental United States is 
divided received normal or above-normal amounts of 
moisture. The relatively wettest State was Nevada, with 
only 110 percent of normal. 

Pablo 1 shows that only one section, New England, 
comprising the six New England States, had below-normal 
warmth for the year, and here the negative departure 
was only 0.4°. The State of New Mexico averaged 
exactly normal for the year, and all other sections were 
above normal. The nllativde warmest was Nebraska 
with an excess of 3.2°, followed closely by South Dakota 
with 3.1°.. Over much of the country the year averaged 
more than 2.5° above the yearly mean. 

To a remarkable degree the quantitative distribution 
of positive temperature departures resembled that of 1938. 
In keeping with recent trends to abnormally warm 
weather, the year ended with large positive departures, 
particularly in northern sections, with Minnesota report- 
ing & December that was 10.7° warmer than normal. 
In South Dakota the excess for December was 10.0°, and 
in North Dakota 13.7°. 

The lithographic chart shows the annual departures of 
mean temperature from the normal for the year based on 
first-order stations only. Table 1 contains section or 
State means, and is more representative of true conditions. 
Extremes for the year were well within the record ex- 
tremes for the United States. The lowest temperature 
reported was 51° below zero at Meadowlands, Minn., on 
February 21, and the highest maximum was 123° at 
Greenland Ranch, Calif., on July 13. (The record ex- 
tremes of temperature for the United States are 134° at 
Greenland Ranch, and —66° at Riverside Ranger Station, 
Yellowstone Park, Wyo.) Temperatures of 100° or 
above were reported in all sections, except New York 
and Michigan during the course of the year. In these 
two States maxima of 98° or 99° were reported. Subzero 
temperatures occurred in all but about seven South- 
eastern States. 
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Fiours 1.—Percentage of norma! precipitation, by sections, for the growing season, 
April 1-September 30, 1939, 


Fi 1 shows the percentage of normal precipitation 
for the growing season, April 1-September 30, 1939. It 
will be noted that amounts for this 6-month period were 
above normal in portions of the Plateau and Great Basin 
area, and also in much of the Southeast from the Missis- 
sippl eastward, and were near normal to slightly above 
in portions of the Ohio Valley and Lake region. The 
greatest deficiency was in Colorado where some of the 
year’s duststorms were locally as severe as in any previous 
year. The far Northwest was dry, and other compara- 
tively low percentages occurred in f¥ central and southern 
Great Plains. In the Northeast, New York, with 78 per- 
cent of the normal rainfall for the growing season, was 
the driest section. 


FIGURE 2.—Percentaze of normal precipitation, by sections, for the year. 


Figure 2 gives the ge of normal precipitation, 
by sections, for the year. Only three States west of the 
Mississippi River were normal or above, while seven sec- 
tions to east of the Mississippi were normal or above. 
The relatively wettest State was Nevada with 110 percent 
of normal. 

Deficiencies were most marked in western districts, par- 
ticularly in the central and northern Great Plains and 
central Rocky Mountain sections. The relatively driest 
States were Colorado and Wyoming, each with 71 percent 
of the usual annual fall. 

The year was considerably drier than 1938, when most 
States west of the Mississippi River and over half of 
those to eastward received iteherneel precipitation. 

‘Table 2 shows the percentage of normal precipitation 
by months for each of the 42 climatological sections. 
This table, like table 1, is based on section averages, and 
gives an accurate picture of precipitation distribution 
throughout the year. 

The winter of. 1939 (including December of the preced- 
ing year) was abnormally wet rather generally in the 
eastern United States, and in the Southwest, with much 
the greater portion of the country having above-normal 
amounts. Heavy snows occurred in most western moun- 
tain sections the latter part of the season. 

The spring was decidedly dry with only a few States 
from the Mississippi Valley eastward having somewhat 
more than normal rainfall. From the Great Plains west- 
ward all States had deficiencies. 
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The summer was relatively wet to eastward of the 
Great Plains, except in the Northeast, but rainfall was 
deficient in nearly all sections from the Great Plains 
westward. The fall season was extremely dry over large 
areas, poe, amounts of precipitation were decidedly 
above normal in Utah, Colorado, and Arizona. From 
the Rocky Mountains eastward it was the driest fall of 
record, considering the area as a whole. 

Alabama, with 59.33 inches, had the largest average 
total for the year, and Nevada, with 8.45 inches, the 
least, although this amount was only slightly below the 
normal. The total yearly falls in the Great Plains and 


TaBLeE 1.—Monthly and Annual Temperature Departures from 
Normal for the Year 1939 
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Central Rocky Mountain States were as follows: North 
Dakota 14.15 inches, the least since 1936; South Dakota 
15.71 inches, also the smallest since 1936; Nebraska 16.28 
and Oklahoma 20.08 inches. Colorado had only 10.68 inches, 
somewhat less than the previous driest year of record, 
1934, in which only 10.89 inches fell. The average for 
Wyoming was 9.48 inches, also somewhat lower than the 
previous driest year, 9.81 inches in 1902. The California 
average of 15.85 inches was the least since 1932. 

Tornadoes, duststorms, and other outstanding features 
of the weather of 1939 are discussed elsewhere in this 
issue of the Review. 


TABLE 2.—Percentage of Normal Precipitation, 1939 
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PRELIMINARY REPORT ON TORNADOES IN THE UNITED STATES DURING 1939 


By R. J. MARTIN 
{Weather Bureau, Washington, D. C., February 1940) 


A preliminary report on the tornadves which oecurred 
within the United States during 1939 is here included in 
the December Review, as has been the custom in recent 

ears. A more detailed study will appear in the Meteoro- 
ogical Yearbook for 1939 which will be issued the latter 
part of 1940 or early in 1941. Practically all of the infor- 
mation contained in the present summary has been 
abstracted from the monthly Review table of ‘Severe 
Local Storms” compiled from the reports of many observ- 
ers and the various Section Directors of the Bureau. It 
must be remembered that all the statistics presented in 
pee! preliminary report are subject to change in the detailed 
study. 

Gs hundred and thirty-eight tornadoes were reported 
during the year, with a death toll of 98, and property 
losses of more than $5,226,230. April, with 42 tornadoes 
and 58 fatalities, was the month with the greatest number 


of storms and largest loss of life. Approximately 30 per- 
cent of the year’s tornadoes and over 59 percent of the 
total deaths occurred in this month, although property 
damage was exceeded by both June and August losses. 
The spring season, March, April, and May, had 69 
tornadoes, or exactly 50 percent of the year’s total. 
Summer (June, July, and August) had 47 tornadoes, or 
about 34 percent. Tornado deaths during the Spring 
amounted to 69, or over 70 percent of the year’s casualties. 
Tornadoes occurred without loss of life in July and October. 
No tornadoes were reported in November and December. 
Arkansas, with 35 fatalities, was the State reporting the 
reatest number of deaths from tornadoes during the year. 
exas was second with 12, Louisiana and Minnesota tied 
for third place with 10 deaths each. Oklahoma reported 
7 fatalities, Tennessee and North Carolina 5 each, Florida 
4, Alabama 3, Michigan 2, and New York, Virginia, South 
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Carolina, Georgia, and South Dakota one each. Non- 
fatal tornadoes occurred in Kansas, Iowa, Missouri, 
Illinois, Indiana, Pennsylvania, and New Jersey. 

Michigan had the greatest tornado damage, with losses 
estimated at $1,725,000. Minnesota was second with 
damage amounting to $1,345,000, and Texas third with 
$543,800. In Virginia, North Carolina, South Carolina, 
Illinois, Louisiana, Arkansas, and Iowa losses exceeded 
$100,000, while in South Dakota, Kansas, Oklahoma, 
Missouri, Indiana, Tennessee, Mississippi, Alabama, 
Georgia, Florida, Pennsylvania, and New York losses 
varied from $10,000 for Pennsylvania to $92,050 for 
Kansas. No estimate of damage was obtained for the 
single tornado which occurred in New Jersey in April. 

The preliminary estimate of total damage is only 67 
percent of the preliminary figure for 1938 and is less than 
ialf the normal annual tornado damage, the normal bein 
based on a 22-year period, 1916-37, inclusive. The tota 
number of storms, 138, is only 3 less than the usual annual 
number, but the loss of life was only 55 percent of the 
1938 total and about 37 percent of the normal annual death 
toll from tornadoes. 

The most severe storm of the year in respect to fatalities 
was the one of April 16, which covered a path 15 miles 
long and 440 yards wide in Arkansas, causing 27 deaths, 
injuries to 62 persons, but property losses of only $20,000. 

A storm in Florida in March caused 4 deaths, one in 
Louisiana in April caused 8, and one in Minnesota in June 
resulted in 9 fatalities. North Carolina had 4 deaths from 
one storm in February, and Oklahoma 7 deaths from one 
storm in April. Four of the 6 deaths in January resulted 
from a single storm in Tennessee. 
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The storms causing the greatest property damage 
occurred in Michigan and Minnesota. A storm in Kala- 
mazoo, Mich., on August 8 caused losses of $1,050,000 and 
brought death to two persons. Other tornadoes in the 
same State on that date caused property damage amount- 
ing to $675,000. On June 18, a tornado in Minnesota 
resulted in 9 deaths and property losses of $1,300,000. 

A total of 13 storms with some tornadic characteristics 
(some of these may have been tornadoes) were experienced 
during the year. These were mostly confined to February 
and August, and resulted in 4 deaths and property damage 
of over $1,435,000. In Illinois 3 deaths and losses of 
$1,000,000 occurred when tornadic winds visited western 
and central portions of the State on August 10, and one 
death and losses of $100,000 were reported in Catta- 
raugus County, N. Y., on September 29. 


TORNADOES AND PROBABLE TORNADOES 


Number..........--. 2] 7] 14] 3] 2 138 
Damage 262 |553 (377 |1,610 | 70 |1,947 | 6 | 60| |75,226 

TORNADIC WINDS AND POSSIBLE TORNADOES? 

Number............- 5] 0} o 5| 0| 0 0 13 
Damage 0/310} 6 5 4 |1,016 | 0 0 1.488 
1 In thousands of dollars. 


? Damage occurred in addition to amount shown. 
3 Some of these may not be classed as tornadoes in the final study. 


DUSTSTORMS OF 1939 IN THE UNITED STATES 


By R. J. Martin 
{Weather Burean, Washington, D. C., February 1940] 


Duststorms of 1939 were not so widespread or destruc- 
tive as in several previous years, although occasional 
storms, particularly in western areas, were locally as 
severe as any experienced since 1930. A few eastern 
districts noted dusty conditions, the dust usually bein 
confined to the upper atmosphere, or falling mixed wi 
rain or snow. The 1939 storms were not as numerous 
as in several recent years. 

The storms of 1939 are here discussed by months, the 
descriptions, in most instances, being based on reports 
submitted by field officials of the Weather Bureau. At 
times these reports have been included almost verbatim 
in this summary. 

January.—Despite continued dry conditions in much 
of the Winter Wheat Belt, with lack of moisture most 
acute in Oklahoma and Kansas and parts of Texas, 
Missouri, and Iowa, duststorms were mostly light in 
character and limited in extent during the month. 

Considering the country as a whole, storms were most 
extensive on the 4th-6th. Geographically the most 
northern report of dust came from Havre, Mont., where 
light dust occurred on the 19th, and the farthest eastward 
was at Sault Ste. Marie, Mich., where light dust mixed 
with rain, or rain and snow, was reported on the 5th 
and 15th. 

Storms in the central and southern Great Plains were 
most general between the 4th and 6th and after the 16th. 
The “Dust Bowl” had 3 to 5 days with pronounced scil 
blowing. At Dodge City, Kans., thick dust reduced 


visibility to less than 1 mile on the 27th and 31st, and as 


far south as Port Arthur, Tex., duststorms with reduced 
visibility continued for as long as 9 hours. At San 
Antonio, Tex., the storm on the 5th continued for 14 
hours and at Abilene the storm Jasted from early in the 
morning of the 5th to the night of the 6th. At Port 
Arthur and El Paso minimum visibilities were 2% miles; 
at Abilene 1% miles. 

In South Dakota fresh to brisk wincs were reported in 
all sections on the 14th and from the 21st to the 25th, 
with local dust blowing noted from McPherson westward 
to Carson County and from Dewey and Stanley Counties 
westward to Butte and Mead Counties from the 21st to 
the 25th. 

In Colorado northwesterly winds on the 4th raised 
considerable dust in extreme eastern counties south of 
the Arkansas-Platte Divide, especially south of the Arkan- 
sas River. Shallow-rooted weeds were loosened and 
blown away, exposing loose and friable soil to erosion over 
large areas. In northeastern Baca County the visibility 
was reduced to zero for several hours in the lee of blowing 
fields. Strong northerly winds on the 22nd, 23rd, 25th, 
and 27th did slight damage to fields in Baca County. 
Dust reduced visibility to from 2,000 to 5,000 feet. 

On the 31st, strong winds which continued for about 7 
hours caused light to moderate dust in Lincoln, Kit 
Carson, Cheyenne, Kiowa, and Prowers Counties and 
considerable erosion occurred in Baca County where new 
areas began to blow. Thin stands of sorghum stalks 
failed to prevent blowing, and wheat, unprotected by 
strips of heavy sorghum growth, was generally blown out, 
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In parts of Baca County the visibility was reduced to 
from zero to 100 feet for a period of from 5 to 7 hours. 
This was the most destructive duststorm to date for the 
winter of 1938-39 in Colorado. 

Heavy dust was noted over much of northwestern and 
extreme southwestern Oklahoma on the 4th with a visi- 
bility of 4% mile reported at Hollis, 200 yards at Canton 
for a short period, and \ mile at Goodwell. 

Another heavy duststorm covered much of north- 
western Oklahoma on the 27th with visibilities of less than 
one mile at Alta, Goodwell, Waynoka, Hooker, and 
Mutual; at Goodwell the visibility was less than % of a 
mile for over 4 hours. Goodwell and Hooker, both in 
the panhandle, had heavy dust on the 31st with a mini- 
mum visibility of 200 yards at 3:30 p. m. 

February.—Duststorms were more widespread in Feb- 
ruary than during the preceding month and were reported 
on the 28th as far east as central Tennessee and central 
Indiana, northward to southwestern Minnesota and por- 
tions of South Dakota, and southward to the Texas coast. 
The most easterly occurrence of dust was at Scranton, Pa., 
on the 20th. 

In the Great Plains, duststorms were most frequent 
during the first decade and the last 3 or 4 days of the 
month. A few reports of moderate to heavy dust were 
received, chiefly from the central and southern Great 
Plains. 

A Soil Conservation Service report from Amarillo, Tex., 
stated that the ““‘Dust Bowl” had shrunk to less than ¥ of 
its original size, with portions of Texas, New Mexico, 
Kansas, Colorado, and Oklahoma in the best condition 
since 1932. The “Bowl” had been reduced from an area 
of approximately 50,000,000 acres at its worst in the winter 
of 1935-36 to only 9,500,000 acres on February Ist, ac- 
cording to H. H. Finnell, Regional Conservator; in parts of 
the “Bowl” area the soil was wet to a depth of 48 inches. 

At Goodwell, Okla., light storms were reported on the 
4th, 9th, 12th, 13th, 15th, 16th, and 18th. At times visi- 
bility was reduced to less than 1 mile; this was the case on 
the 9th with a minimum visibility of one-fourth mile 
and on the 16th of one-half mile. At Cheyenne a visibility 
of 200 yards was reported on the 7th and at Elk City 
and Goodwell on the 9th it was reduced to one-fourth mile. 
Heavy dust was also noticed at Tipton on the 16th, while 
on the 27th heavy dust covered the central and southern 
portions of the State, reducing visibility at times to 
three-fourths mile at Pauls Valley and Altus, one-fourth 
mile at Tipton, and one-fourth mile at Duncan. Light 
dust was reported at one or more Oklahoma stations on 
15 days, though no damage was reported, except for a 
small amount of wheat blown out in northwestern 
sections. 

Four to six duststorms occurred in extreme southwestern 
counties of Kansas. On the 18th they were reported in a 
number of localities scattered over the western third of the 
State, and on the 19th were general over the western 
third and extended to some central counties. Light to 
moderate dust was carried in the upper air into eastern 
counties on several days, including the 7th, 8th, and 19th. 

Southeastern Nebraska had a duststorm on the 7th 
which began before noon in Hall County, about 1 p. m. in 
Nuckolls, and at 2:30 p. m. in Lancaster County; the 
lowest visibility at Lincoln was 500 feet, but the storm 
was of short duration. 

High northerly and northwesterly winds raised consid- 
erable dust in Baca County, Colo., on the 16th, resulting 
in moderate damage to fields, and reducing visibility to 50 
feet in the lee of fields for several hours. On the 18th and 
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19th strong southwesterly winds were erosive in Baca 
County with visibilities of 50 to 500 feet for periods of 
from 5 to 8 hours on each of the 2 days. These were the 
most destructive storms reported in the State. Light to 
moderate dust was noted on the 18th as far north as 
Prowers, Cheyenne, Kit Carson, and Elbert Counties. 

Light to moderate storms were reported in Texas, par- 
ticularly in the Panhandle, on from 1 to 6 days. The 
storms were heavy at Amarillo on the 9th and 16th with 
minimum visibility of one-half mile for 3 hours; the maxi- 
mum wind velocity during the storm of the 9th was 56 
miles per hour. Dust reduced visibility to less than 1 
mile in Houston for several hours on the 10—11th. 

March.—Duststorms became more serious during March 
with parts of Oklahoma, the Texas Panhandle, and Kansas 
again seriously affected. The worst duststorm in 2 years 
brought heavy clouds of red dust to an area of about 
100,000 square miles in six States, including portions of 
New Mexico, Arkansas, Missouri, Kansas, Oklahoma, and 
Texas. Light dust was reported from Montana eastward 
to Sault Ste. Marie, Mich., and from New Mexico east- 
ward to Alabama. 

Storms were most frequent from the 11th to the 19th, 
though a few were reported, especially in the northern 
Great Plains and upper Mississippi Valley, during the 
last decade. The number of days with dusty conditions 
varied from 2 or 3 in the extreme northern Great Plains 
to as many as 9 in portions of Texas. Dense or heavy dust 
occurred on 1 to 2 days in portions of southern Missouri, 
western Oklahoma, and the Texas Panhandle. 

At El Paso, Tex., dust was reported at elevations exceed- 
ing 8,000 feet and continued in the upper atmosphere 
from the 15th through the 19th. The minimum visibility 
noted at Abilene was one-fourth mile on the 11th, but at 
Springfield, Mo., the worst duststorm in 3 years reduced 
horizontal visibility to one-fifth mile and ceiling to zero 
for about 1% hours. At Amarillo, Tex., the visibility was 
zero for 1 hour on the 4th and for 5 hours on the 11th. 
On the 5th and 14th visibility was reduced to one-half 
mile for from 1 to 2 hours; the maximum wind velocity 
peg during the storms was 60 miles per hour on the 
11th. 

At Oklahoma City, Okla., the heaviest storm of local 
record reduced visibility to 400 feet and deposited heavy 
coatings of fine dust even in weather-stripped houses. 
At the Oklahoma City airport the visibility was reduced 
to zero. Light dust was noted in some parts of the State 
from the 3rd to the 11th, inclusive, and on the 18—19th, 
and heavy dust at one or more stations on the 4th, 11th, 
14th, and 23d. The storm of the 11th covered practically 
the entire State, reducing visibility to from 10 to 30 yards 
at some stations. Some wheat was blown out on sandy 
lands, but the aggregate damage was not large. 

In New Mexico strong winds on the 4th and 5th caused 
heavy blowing dust in east-central and southwestern 
counties, and on the 10th visibility was zero most of the 
day over south-central and southwestern districts. On 
the 11th visibility ranged from zero to 3 miles in much of 
the eastern part of the State, and on the 14th and 15th 
dust was noted from the Rio Grande Valley to the eastern 
border. The top of the dust cloud was reported at 


12,000 feet. 

Duststorms were reported in extreme southwestern 
Kansas on the 11th, 14th, 18th, and 23d; on the 11th the 
dust reached as far east and north as Dodge City. Only 
light dust was reported in Montana, principally on the 
lith, 25th, and 31st in Hill, Liberty, Chouteau, and 
Fergus Counties. Light dust was reported in various 
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parts of Illinois on 4 days, and at some widely scattered 
points in Indiana on 7 days. 

April.—Dusty conditions were reported at only a few 
stations east of the Mississippi River during April. There 
were four occurrences of light dust in southwestern Illinois, 
on the Ist, 9th, 18th, and 22d, and dust was reported at 
oe om in Indiana on the 10th and in Tennessee on 
the 18th. 

Extreme western Minnesota noted dusty conditions 
on the 4th, llth, 20th, 25th, and 26th, and dust was 
noted aloft at Kansas City, Mo., on the 11th. 

In the tiers of States reaching from Montana and the 
Dakotas southward to Texas and Oklahoma dusty condi- 
tions were rather frequent, although no real duststorms 
were reported in several of these States. Light local 
dust was noted in eastern Nebraska on the 10th, and in 
the western part of the State on the 16th, and dusty 
conditions prevailed in southwestern New Mexico on 
5 days between the 10th and 21st. In Kansas, Oklahoma, 
and Texas storms were rather frequent, though they were 
mostly light. As many as 16 days with dusty conditions 
were reported in southwestern Kansas, 9 or 10 days in 
northern and central Texas, and 8 in Oklahoma. 

A duststorm was general throughout northern and 
western North Dakota on the 17th with visibility as low 
as 1% miles during part of the afternoon. In South 
Dakota wind velocities ranging from 27 to 43 miles per 
hour resulted in local soil blowing, in some instances 
the worst since 1935, in the eastern two-thirds of the 
State from the 3d to the 10th, on the 16th—17th, and the 
24th-26th. On April 24 the visibility at Huron was 
reduced to mile. 

Duststorms in Kansas were confined to the western 
third of the State, except on the 10th when storms were 
reported in Edwards and Sumner Counties. In the 
extreme southwest county, Morton, duststorms occurred 
on 16 days. Storms were reported at several localities in 
the southwest quarter on the 9th, 10th, 16th, 17th, 22d, 
23d, and 24th. Dusty conditions occurred on several 
days in the northwestern part of the State with storms 
noted in Decatur County on the 23d and 24th. 

In Oklahoma light dust was noted at one or more sta- 
tions on the 9th, 10th, 14th, and 16th-24th; heavy dust 
was confined to the panhandle and extreme western tier 
of counties. At Goodwell the visibility was 100 yards at 
| p. m. on the 17th, one-fourth to one-half mile for 4 
hours on the 18th, and 1 mile on the 20th. On the 20th, 
24th, and 30th visibility at that station was again cut to 
one-fourth mile. A heavy duststorm on the 10th reduced 
visibility decidedly. 

In Colorado winds of moderate to gale force were fre- 
quent during the month and considerable dust was carried 
aloft in extreme southeastern counties on the 9th, 10th, 
12th, 13th, 14th, 16th, 17th, 20th, and 23d. The dura- 
tion of dust movement averaged about 7 hours on these 
days with visibility reduced to from 200 feet to zero at 
times in the lee of blowing fields. Moderate to severe 
erosion occurred in Baca County on all these dates, except 
the 12th and 20th; the storm of the 16th continued until 
the 17th, causing much erosion locally and killing or 
damaging young seeds in all blowing areas. 

Duststorms were reported in various portions of 
Montana on 13 days; they were particularly widespread 
on the 15th and 19th, especially in northern portions of 
the State. 

May.—Dust was reported in May as far east as Mas- 
sachusetts where Harvard’s Blue Hill Observatory 
recorded the most intense duststorm in 5 years over 
Massachusetts and New Hamsphire. Visibility was 
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diminished to 5 miles at the observatory and sunshine 
was reduced by 50 percent. 

Light to moderately heavy dust was observed in most 
sections of Michigan on the 10th, though horizontal 
visibility was not greatly reduced. Most of the stations 
reporting dust were located in the north-central portion 
of the Lower Peninsula; the minimum visibility was 2 
miles at Milford. 

In Wisconsin light dust appeared in the northwest on 
the afternoon of the 9th and spread over the remainder 
of the State during the night so that dust was quite gen- 
erally reported in the morning of the 10th. The dust 
disappeared in the northern portions during the forenoon, 
but persisted until late afternoon of the 10th in the south- 
east. 

Northern and west-central Illinois reported dusty 
conditions on the 10th and 22nd; dense dust was noted at 
Mount Carroll on the 10th. Light dust was reported 
on as many as 9 days, well scattered throughout the 
month, in western Minnesota, and light dust was observed 
in western Missouri on the 6th and 10th. 

In the States from Montana and the Dakotas south- 
ward dusty conditions were reported on from 1 to as many 
as 16 days. In North Dakota duststorms were reported 
at many stations on the 5th, 7th, 8th, 9th, 17th, 19th, and 
20th. At Bismarck a storm on the 9th reduced visibility to 
one half mile from 10 to 11:30 p. m., while on the 19th—20th 
visibility was less than 1 mile from 9:30 p. m. of the 19th 
to 12:30 a. m. of the 20th. In South Dakota dust was 
noted throughout the State from the 5th to 10th and in 
the western two-thirds on the 17th and 20th. 

Strong winds, with local dust blowing, were reported 
at a number of stations in the eastern half of Nebraska 
on the 6th and light dust was noted in the upper air in all 
but the extreme western part of the State on the 10th; 
at times in many localities the dust was thick enough to 
ea 4 the term “duststorm.” On the 24th local dust 

lowing was reported at a few stations in south-central 
and southwestern portions of the State. At Valentine 
visibility on the 9th was cut to one-half mile or less. 

In Kansas duststorms were general in southwestern 
counties on the 5th, 6th, and 24th. In Morton, the 
extreme southwest county, duststorms occurred on 16 
days and in Grant County on 6. Dust of more or less 
intensity was raised in most parts of the State on 1 or 
more days, but the only storms reported outside the 
southwestern counties were at Plainville on the 5th and 
Oberlin on the 6th. 

Heavy dust was noted at Kenton, Cimarron County, 
Okla., on the 6th, 20th, and 24th. Visibility was about 
100 yards for a time on the 6th while on the other 2 dates 
the minimum was about 1 mile. At Coalgate a 50-yard 
visibility prevailed for a time on the 19th. Light dust 
was noted at one or more stations on the 5th, 6th, 10th, 
llth, 17th, 22d, and 23d; the storm on the 6th was the 
most extensive and was felt from Erick and Waynoka 
eastward to Bartlesville and Tulsa and southward to 
Duncan. 

In northwestern Texas duststorms occurred on the 
18th and 20th. In Amarillo the storm of the 10th re- 
sulted in a visibility of one-half mile for a period of 
2 hours, while the one on the 20th cut visibility to three- 
fourths mile for 1 hour. 

On the 9th a heavy pall of dust hanging over Montana 
limited visibility in several cities. Air transportation was 
not seriously affected, for although horizontal visibility 
was poor near the ground, planes topped the dust cloud 
at = 8,000 to 9,000 feet above sea level, airline officials 
said. 
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Other duststorms prevailed in Montana on the 5th 
and 19th; at Miles City in both these storms visibility 
was 100 feet for short periods of time. At Havre dusty 
conditions, at times approaching the intensity of a dust- 
storm, were reported on the 3rd, 4th, 6th, 8th, 9th, 
and 20th. On the 8th-11th dense clouds of dust which 
had been whipped into the air by strong winds in extreme 
north-central Montana overspread the northern tier of 
counties east of the Continental Divide to Blaine County 
and southward to Cascade. The dust had overspread 
and settled in all sections of Montana east of the Divide 
by the evening of the 9th with horizontal visibility 
generally as low as 1 mile. On the afternoon of the 
19th severe duststorms occurred in Yellowstone, Beacon, 
Rosebud, Custer, Garfield, McCone, and Valley Counties. 

In Colorado considerable damage was suffered as a 
result of frequent ‘dusters’? in southeastern counties. 
On the 5th, 6th, 10th, 11th, 15th, 19th, 20th, and 24th 
duststorms were general in eastern counties. Heavy 
erosion was confined mostly to barren ground, except 
where soil from such ground was carried to adjoining 
fields of small and sender plants which were either cut 
off by sabulous winds or completely covered by the 
blowing sand and soil. A storm on the 23d covered 
almost the entire State; it continued throughout most 
of the day and dust was so thick at times that visibility 
was only 100 feet. 

June.—During June light dust was noted as far east as 
portions of Michigan where south-central stations expe- 
rienced dusty conditions on the 16th. In southwestern 
Illinois light dust was observed on the 5th, and two sta- 
tions recorded dusty conditions in the northern part of 
— on the 7th, and in south-central Illinois on the 
11th. 

Thick dust was reported on the 4th at Tracy, Lyon 
County, Minn. Many cornfields were damaged, some 
being stripped completely. Light dust was reported in 
extreme western portions of the State on the 4th and 7th. 

In the tiers of States from Montana and South Dakota 
southward duststorms were rather frequent. In portions 
of Kansas dusty conditions were reported on from 10 to 
as many as 18 days. In South Dakota local dust blowing 
was experienced in the southern half on the 4th and 5th, 
in south-central sections on the 14th, in the southeast 
quarter on the 17th, and in a large part of the western 
half of the State on the 27th. In Nebraska dust blowing 
was reported in Antelope, Pierce, and Knox Counties on 
the 4th of the month. 

At Dodge City, Kans., light dust, with visibility ranging 
from five-eighths to 6 miles, occurred on the 9th, 14th- 
18th, 20th-21st, 25th, 26th, and 29th, a total of 11 days; 
on the 21st visibility was cut to less than five-eighths of a 
mile. In southwestern counties of the State the most 
general storms were experienced on the 9th-10th, 14th- 
17th, 20th, 28th, and 29th. In northwestern counties the 
storms were less frequent and more limited in extent; they 
were reported in this area on the 11th, 16th, 19th, and 
20th. A few storms occurred in central parts of the State, 
and moderate dust was reported in the middle third and 
some eastern counties on one or two dates. 

Heavy dust was confined to the extreme northwestern 
portion of Oklahoma. At Kenton a severe “black bliz- 


zard”’ arrived at 8 p.m. on the 9th and continued until 
after midnight; visibility was nearly zero at times during 
this storm, and some crop deterioration resulted. Way- 
noka reported heavy dust on the 17th—18th, and light dust 
was noted at one or more stations on the 3d, 4th, 6th, 9th- 
llth, 13th-18th, and 21st. 
western third of the State. 


Dust was confined to the 
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In the south Plains sections light dust was most frequent 
in western portions of Texas; at El Paso light dust was 
noted on 9 days, although visibility was only slightly 
affected. At Abilene dusty conditions obtained on the 
10th, and at Amarillo dust reduced visibility to zero for 
1 hour on the 10th and to one-half mile for an hour on 
the 19th. 

Moving northward to Montana we find thai local dust 
blowing occurred in portions of Flathead County on the 
22d, in Stillwater, Yellowstone, and Big Horn Counties 
on the 23d, and in Chouteau and Gallatin Counties on 
the 30th. 

Following 2 months of deficient precipitation, strong 
dessicating winds in June resulted in destruction of many 
crops and damaged the topsoil over large areas in Colorado. 
Duststorms were more frequent and damaging than at 
any other time during theyear. A report from H. F. Choun 
describes the duststorms during June and is appended 
herewith: 


Moderate to severe dust began in Baca County on the 3d and 
southerly winds spread the dust throughout extreme eastern counties 
east of the one hundred and third meridian on the 4th and 5th. In 
this region, brisk winds distributed considerable dust from 6 a. m. 
to 6 p. m., reducing the visibility to 100 feet for 12 hours in Baca 
County and to 2 to 3 miles as far north as Kit Carson County. 

Slight damage was caused to fields by a moderate intermittent 
duster in Baca County on the 6th. 

During the late afternoon of the 9th, strong northerly winds 
disturbed the topsoil throughout eastern counties, reducing the 
visibility to a quarter mile in Arapahoe and Kit Carson Counties, 
to one-half mile in Elbert and Lincoln Counties, and to zero in 
Baca County where a very severe black duster continued through 
the night. The duster moved into Pueblo with a northwest wind 
of 34 miles per hour velocity about 6 p.m. At the height of the 
storm, visibility was reduced to 1 mile on the prairies adjacent to 
the city. All travel by air was grounded for a short time and high- 
way travel was much impeded due to poor visibility. The only 
damage reported in the Pueblo area was to small trees and shrub- 
bery. Young corn, sugar beets, and bean plants in the Greeley 
area were cut off at the ground by blowing sand, and dust darkened 
the sky during most of the afternoon. Heavy dust sifted over 
Denver and reduced the visibility to zero at the Municipal Airport 
where the wind attained a velocity of 56 miles per hour. 

Strong northerly and northwesterly winds caused violent dust 
clouds in Prowers and Baca Counties during the early evening and 
night of the 10th, reducing the visibility to 50 feet at times and 
causing some damage to vegetation. 

On the 11th, northerly and northwesterly winds reduced the 
visibility to one-half mile to 1 mile in Douglas, Elbert, and northern 
El Paso Counties, and strong southerly winds caused a severe dust- 
storm of short duration in Baca and parts of Prowers Counties. 

On the 15th, southerly winds of gale force extended throughout the 
State and dust of varying intensity was reported from all sections. 
In extreme southeastern counties the storm was intense for 4 hours, 
reducing the visibility to 50 feet. In east-central counties severe 
dust prevailed from 4 p. m. to 8 p. m. while high dust clouds were 
seen or dust settled over practically every county in the State. In 
the Dolores Valley and the San Juan Mountain region, southerly 
winds arising on the Navajo Indian Reservation and adjoining 
localities in Utah, Arizona, and New Mexico, brought the most 
severe duststorms that that section ever experienced. Visibility 
was reduced in places to a quarter mile and crops were damaged 
considerably. 

Scattered showers, after the middle of the month, relieved appre- 
ciably the drought situation, and duststorms were confined to 
extreme southeastern counties on the 16th, 17th, 20th, 21st, 24th, 
and 25th. The visibility was reduced to 50 feet to 500 feet on each 
of these days and living conditions were rendered uncomfortable for 
an average of 5 hours each day. 


July.—During July duststorms were noted as far east as 
New York State. On Staten Island parching heat for 27 
days baked the moisture from the soil on truck farms and 
tons of dust were swept over residential areas. No other 
reports of dusty conditions were received during the month 
from stations east of the Mississippi River. 

In western districts duststorms were mostly confined to 
Plains sections from Oklahoma northward to South 
Dakota, and to portions of Colorado and Montana. In 
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Colorado hot, drying winds were frequent in eastern 
Plains districts and in extreme southeastern counties 
duststorms of damaging intensity occurred on the 8th, 
15th, 17th, 22d, and 24th. Soil erosion on these dates 
was mostly caused by southerly winds, and visibility was 
reduced from 200 to 500 feet for 1 to 4 hours. Light to 
moderate storms causing no material damage or discom- 
fort were reported from northeastern counties of the 
State on numerous dates. 

Dusty conditions were reported at Kansas City, Mo. 
on the 11th, 12th, and 18th; the storm of the 18th, of 
veuy short duration, reduced visibility to about one-half 
mile. 

At Huron, 8. Dak., dusty conditions were reported on 
the 2d, 19th-21st, and 31st, and local dust blowing was 
noted in all sections of the State on the 4th, in the western 
third on the 15th, and again in all sections of the State 
on the 20th, 27th, 29th, and 30th. Nebraska enjoyed an 
almost dustless month, although at Valentine storms of 
short duration were experienced on the 16th and 18th. 
In both of these storms visibilities were limited for short 
periods of time, although the dust in both instances was of 
purely local origin. 

In Kansas two snow plows were kept available for 
clearing dust from the tracks of the Santa Fe line between 
Dodge City and Boise, Okla. At Dodge City duststorms 
sufficiently heavy materially to limit visibility were 
reported on the ist, 4th, 7th, 16th, 17th, 19th, 22d, 24th, 
and 26th, while for the State as a whole duststorms, mostly 
of local origin, were rather frequent on from 4 to 9 days. 
No severe storms were reported in the middle or eastern 
third of the State, though light dust occurred there on 
several days. 

The only heavy dust reported in Oklahoma was at 
Waynoka on the 22d, with visibility reduced to three- 
fourths of a mile for a short period. Light dust was noted 
at Goodwell on the 6th and 31st, and at Kenton on the 
7th, 15th, and 21st. 

In the northern Great Plains, Montana experienced 
dusty conditions on about 4 days, mostly during the first 
half of the month. Minimum visibilities were one-half 
mile at Havre on the 2d, and one-fifth mile at the same 
station on the 10th. In Hill, McCone, Lewis and Clark 
Custer, and Gallatin Counties the dust was mostly of local 
origin. 

August.—During August duststorms were confined to 
portions of the Great Plains and southern Rocky Moun- 
tain region. In Oklahoma heavy dust was noted at Clin- 
ton, Garber, and Hennessey on the 7th, with a 10-yard 
visibility reported at Hennessey and 100 yards at Garber. 
Light dust was noted at Enid on the 4th and 7th, at Wau- 
komis on the 22d, and Clinton on the 14th, while Kenton 
reported dust on the 7th, Okeene on the 11th, and Way- 
noka on the 22d and 31st. 

Local dust blowing was noted in Harding County 
S. Dak., on the 18th of the month and in the eastern thir 
of the State on the following date. Light dust was 
a at Huron on the 19th, 21st, and 27th. 

n Kansas 6 to 9 duststorms occurred in extreme south- 
western districts and a few storms of rather local nature 
occurred elsewhere in the western part of the State on 
1 or 2 days, mostly the 22d and 30th. 

In northwestern Texas and eastern New Mexico a few 
duststorms were reported near the end of the month with 
the lowest visibility at Amarillo, Tex., 14% miles on the 
22d. In Montana storms, mostly light and local in char- 
acter, were reported on as many as 1] days. The storm 
at Trident, Gallatin County, on the 4th, was classed as 
severe, while the storm of the 3d at Helena diminished 
surface visibility at times to about one city block. 
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September—During September duststorms were agaiu 
reported in several States east of the Mississippi River. 
Dusty conditions prevailed in Indiana and Tennessee on 
the 29th, but in the latter State the storm was of very 
short duration. 

Light dust was observed in extreme western Minnesota 
on the 5th, 14th, and 24th, and at several Montana stations 
on the Ist, 11th, and 24th. In Oklahoma, although the 
month was the driest September of record, duststorms 
were relatively few and were confined to the western half 
of the State. These storms were mostly light in character 
and were most general in extreme northwestern sections 
on the first 3 days of the month or after the 16th. The 
worst and most general storm occurred on the 29th; at 
two stations this storm was classified as heavy and visi- 
bility was reduced to 1 mile or less for nearly 2 hours. 

In Kansas duststorms were reported in extreme south- 
western counties on from 5 to 8 days. On the 3d storms of 
limited extent were reported in many western counties 
and locally in the eastern part of the State, while on the 
28th and 29th duststorms were rather general in much of 
western third. At Dodge City light dust was observed 
on 9 days, mostly during the first half of the month. 
Visibility was reduced to one-half mile or less during the 
storm of the 29th. 

In Nebraska coarse sand and dust reduced visibility to 
less than 1 mile for about an hour at Valentine on the 22d. 
Light to thick dust, but not severe in any locality, was 
observed over most of the State on the 3d, 12th, and 
13th, and over scattered areas on the 5th, 6th, 11th, 14th, 
22d, 24th, 27th, and 28th. 

In South Dakota local dust blowing was quite prevalent 
in the eastern third on the 5th, and in the eastern half 
on the 21st and 24th. 

A few storms, mostly light in character, were noted in 
Texas on the 29th and 30th. Some of these were sufficient 
to reduce visibility to as little as 1 mile for several hours. 

October.—During October dusty conditions were noted 
in Montana on 5 days, mostly after the 19th, and in 
extreme southwestern Minnesota on the 3d, 15th, and 
31st. In South Dakota local dust blowing was prevalent 
in the eastern third on the 1st, 2d, and 4th, and in scattered 

laces throughout the State on the 21st, 29th, and 31st. 

urther south, in Nebraska, light to moderate dust was 
observed over the entire State, especially in the Pan- 
handle on the 1st and 2d, and locally on other dates. 

Kansas reported duststorms in extreme southwestern 
counties on from 4 to 8 days. They were most common 
on the Ist, 4th, 7th, and 26-28th. The storms of the Ist 
and 4th were most general and were observed as far east 
as Rush County. Texas and New Mexico reported dusty 
conditions early in the month and again during the closing 
days, while in Montana storms were most general on the 
19th-21st, 24th, and 29th. 

Only a few duststorms were reported in Oklahoma and 
these were generally light in character. The most wide- 
spread storm in this State was noted on the 29th. 

November.—Duststorms during November were con- 
fined to the Great Plains, except for isolated occurrences in 
extreme northwestern portions of Minnesota on the 9th 
and 10th, and a few central sections of Wisconsin on 
the 9th. 

In South Dakota soil blowing occurred locally in the 
eastern third on the 4th and 9th, and quite generally in 
all sections on the 23d and 27th; at Huron dusty conditions 
prevailed for comparatively short periods of time on the 
4th, 9th, 23d, 27th, and 28th. 

No storms were reported in Nebraska, but in south- 
western Kansas thick dust of a local nature was reported 
on 2 or 3 days while on the 9th light dust was felt in many 


= 


| 
| 


Lxvu—1l41 


loz 


M. W. R. 


Deceraber 1939. 


oc 


{ 


off 
| 


SL 


ulv 


{ 
| 


‘L's ‘a ye 


| ydag 

Sz 


MON 


6 
i 
| 
i 
! 
1 
! 
t 


~ 

1 | 
in 
| 

if! 

Al 

| | | 
' 
| | 

| ! ! 

| ! ! | 
il. 
| ! | 

! 

| | ! ! | 

| i i 

| | 

Ke ' 

m | : 

' 

| 
OW } >S | 
| 

6 3 | 
\ 
if — = Cc 
ex &8§ § 9 “yf 
| 
| 


DecemBer 1939 


ports of the State. Oklahoma noted light dust in the 
anhandle on the 9th. 

In Montana light dust was reported on the 2d, 8th, 22d 
29th, and 30th. The storms of the 22d in north-central 
counties were the most extensive. 

December.—During December duststorms were reported 
from Montana eastward to portions of Illinois and south- 
ward to Texas. In Illinois light dust was observed on the 
12th-13th, 14th, and 28th. The storms were all light 
in character, and of short duration. 

In the upper Mississippi Valley light storms were re- 
— in Minnesota on the 11th, 12th, and 16th, while in 

owa a heavy duststorm carried by a 40-mile wind resulted 
in sharply reduced visibilities and considerable discomfort. 
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Light dust was observed in western Missouri on the Ist, 2d, 
and 12th. 

South Dakota, because of deficient moisture and high 
winds, experienced soil blowing in all sections on the Ist, 
11th-12th, and 15th-16th. In Nebraska a severe dust- 
storm occurred at Valentine on the 12th, with lowest 
visibility about one-fourth mile for about one-half hour. 

In Kansas dusty conditions were observed on the Ist, 
llth, 12th, and 18th, and on the same days dust was re- 
ported in western Oklahoma with visibility reduced to less 
than 1 mile in the panhandle sections on 2 or more days. 
Light dust was reported in Texas on the Ist, 2d, 3d, 12th, 
18th, and 19th, and in Montana, particularly in northern 
districts, on the 6th, 11th, 14th, and 15th. 


NORTH ATLANTIC TROPICAL CYCLONES OF 1939 
By Wiiuis E. Hurp 


Five tropical cyclones occurred in the North Atlantic 
Ocean, including the Gulf of Mexico and the Caribbean 
Sea, during the hurricane season of 1939. A synopsis 
of some of their more important features is given in the 
table herewith. Their tracks, numbered I to V chrono- 
logically, are shown on the accompanying chart. The 
average annual number of tropical cyclones occurring 
during the past 53 years is about 7, 1939 thus showing a 
deficiency of 2. 

In 1939 there was only one major hurricane, that of 
October 12-18 (IV). This expended its ene at sea, 
but passed so close to Bermuda in its north-northeastward 
course as to be damaging to the islands. Another storm, 
that of October 29-November 8 (V), may be classed as a 
hurricane, although winds of full hurricane force were 
reported on only 1 day, October 30, while crossing Grand 
Cayman Island. A week later, in higher latitudes, one 
ship reported a gale of force 11. The other 3 cyclones 
had known locally highest winds not in excess of force 9 
or 10. In chronological occurrence, there was 1 tropical 
cyclone each in June, August, September, and October, 
and 1 in October-November. 

The hurricane of October 12-18 was the only one of the 
5 disturbances to attain bee barometric depth. On the 


noted almost down to 948 millibars (28 inches). Two 
of the cyclones were shallow, and lowest barometers did 
not fall as low as 999 millibars (29.50 inches). 

Of the cyclones, 2 (I and III) were associated almost 
wholl with the Gulf of Mexico; 1 (V) originated in the 
Caribbean Sea, where it remained for a week, then crossed 
eastern Cuba and, so far as can be determined from 
meager ship’s reports in the western Atlantic, held to a 
northeastward course as far as Newfoundland; 2 (II and 
IV) originated over or in the vicinity of the Leeward 
Islands, 1 keeping a northwesterly course across Florida, 
then recurving up the eastern United States, the other 
remaining at sea until it crossed southeastern New- 
foundland. 

Two storms of the year took abnormal directions during 
a part of their tracks. That of June (1), described a rare 
left-handed loop in the northern part of the Gulf of Mexico; 
that of October-November (V) performed an unusual 
curve from northwesterly through north into easterly then 
northeasterly while in tropical waters. 

Only 5 or 6 lives are known to have been lost directly or 
indirectly due to these tropical cyclones. Economically, 
the year’s losses from them were comparatively small. 
No estimates of property losses are available for the three 


14th its lowest reported minimum was 941.4 millibars storms (II, IV, and V) that caused some damage. (See 
(27.80 inches), but on the 17th and 18th pressures were under ‘‘Remarks”’ in the table.) 
North Atlantic tropical cyclones of 1989 
[Synopsis of tropical cyclones of 1939 (number of storm in table corresponds to number of track on accompanying chart))} 
Place where first Coast lines Maximum wind ve- Lowest barometer Place of dissipa- 

Storm Date reported crossed locity reported reported tion Intensity Remarks 
) ere June 12-16.| Gulf of Honduras.| Yucatan, Ala- | Force 9, southeast S. | 1,000.3 millibars (29.54) Tennessee.__...__- Not of hurricane in- | 1 person drowned (A). 

bama. 8. Alabama, —— tang 8. 8. Kof- tensity. 

resi. 
Aug. Northeast of Puer-| Florida, Alabama-.| Fcrce 10, east, 8. 8. | 988.5 millibars (29.19 | Southeastern New .--..| 1 person drowned. 
to Rico. Pan Amoco; 62 inches) St. An- York. Some damage from 
miles Tampa Air- drews, Fla. bb hd rains and 
port. oods ° 
IIL.....| Sept. 24- | Northwest of Yu- | Louisiana. .......- Force 9, north-north- | 1,003.7 millibars (29.64| Mississippi and |-.--- (C.) 
26.! catan. east, M. 8. Cuba- ) M.S. Alabama. 
ma. ma. 

IV.....| Oct. 12-182; Leeward Islands..| None.............-. Force 12, by several | 941.4 millibars (27.80 | East of New- | Intense hurricane....| Some damage at Ber- 
ships and by inches) 8. 8. F. W. foundland. muda and to ships at 
mnuda. Abrams. om 1 life lost at sea 

(D). 
, ee Oct. 29-; Western Carib- | Cuba, Newfound- | 92 miles at Grand | 989.0 millibars (29.21 | East of Labrador..| Hurricane on 1 day; | Definite loss of 2 lives; 
Nov. 8.3 bean Sea. land. Cayman Island. inches) ship at sea. of force 11 on 2 property damage in the 
others. Cayman Islands Ja- 
maica, and Cuba; 4 
schooners lost in the 
Caymans (E). 


Complete reports of these cyclones may be found in the MONTHLY WEATHER REVIEW: 
(A) June 1939; 67: 175, 176. (B) August 1939; 67: 296, 297. (C) September 1939; 67: 340. 
(D) October 1939: 67: 382, 383. (E) November 1939; 67: 416. 

1 There was squally weather in the extreme southwestern part of the Gulf of Mexico 
on the 22d to early 24th. and unsettled weather in the northwestern Caribbean on the 
23d, but no definite cyclonic circulation could be charted until 7 p. m. (eastern standard 
= of the 24th. 


tled weather and slightly depressed barometer occurred to the eastward of the 


Antilles as early as the 9th, but no cyclonic center could be established prior to the 12th. 
3 Disturbed weather occurred in the southwestern Caribbean on October 27, but no 
lonic circulation was defined until the 29th. The dashed part of track V indicates that 
course of the storm is approximated, due to lack of ship reports. Late information 
received from the meteorological! office, Kingston, Jamaica, shows that, on November 2, 
at 7 a. m., Negril Point had a barometer of 1,000 millibars (29.53 inches), with a west- 
northwest wind of 60 miles, and heavy sea; at 9 a. m. Kempshot had a barometer of 992.6 
millibars (29.31 inches), with a wind velocity of about 70 miles from southwest. 


| 
Nw 
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BIBLIOGRAPHY 


By Amy P. Lesuer 
[Ricamonp T. Zocu, in Charge of Library) 


RECENT ADDITIONS 


The following have been selected from among the titles 
of publications recently received as representing those 
most likely to be useful to Weather Bureau officials in 
their meteorological work and studies: 


Abbot, C. G. 
Solar variation and the weather. [London.] [1939.] 705- 
708. tables, diagr. 30% em. (Reprinted from Nature, 
v. 143, April 29, 1939.) 


Alldis, V. R. 
Hydrology in relation to soil erosion. Sydney, N.S. W. 1939. 
p. 245-258. illus., maps, tables. 29% cm. (Reprinted 
from The journal of The institution of engineers, Australia, 
v. 2, no. 7, July 1939.) 


Amerio, A. 
Un nuovo registratore della radiazione solare. Milano. 1938. 
8 p. illus. 28 em. (Reale istituto Lombardo di scienze 
. lettere. Estratto dai ‘“‘Rendiconti’’ Scienze. v. 71, 
‘asc, 1.) 


Auer, R. 
Uber den tiiglichen Gang des Ozongehalts der bodennahen Luft. 
Leipzig. 1939. p. 137-145. illus. 23 em. (Sonderdruck 
aus “Gerlands Beitrige zur Geophysik,” Bd. 54, Heft 2, 
1939.) 


Austin, J. M. 

Comparison of rain-gauges at Apia. Wellington. 1939. p. 
52B-56B. illus., table. 28cm. (Extracted from the New 
Zealand Journal of science and technology, v. 21, no. 1B.) 
(At head of title: Dept. of scientific and industrial research.) 


Bamesberger, John G. 
Erosion losses from a 3-day California storm. [Washington, 
1939.] 15 p.  illus., map, plates, tables. 23% em. 


Banerji, B. N. 
Possibilities of raindrop study for upper air information. 
Meherpur, Nadia, India. [1938.] 2p. 28 em. 
Barrows, Harold Kilbrith. 
Water-power engineering. 2d ed. New York & London. 
1934. ix, 762 p. front., illus., diagrs. 23% cm. Includes 
bibliographies. 


Berkner, L. V. 
Concerning the nature of radio fade-out. [New York.] 1939. 
p. 5386-544. illus. 28 em. (Reprint from Physical review, 
v. 55, March 15, 1939.) 


Bernard, Merrill. 
Recent developments in flood forecasting. [Washington. 1939.] 
», 187-193. illus. 28 em. (Reprinted in U. S. A. from 
l'ransactions of 1939 of the American geophysical union.) 


Bijerknes, V. 
Leipzig-Bergen. Festvortrag zur 25-Jahrfeier des Geophysika- 
lischen Instituts der Universitat Leipzig. [Braunschweig. 
1988.) p. 49-62. 23 em. (Sonderdruck aus der “Zeitschr. 
fir Geophysik,” Jahrg. 14, Heft %.) 


The Blue Book of American aviation. Who's who in the industry. 
1940. Asheville, N.C. ¢19389. lv. 23%em. R. L. Dowling, 
Editor, 1940. 


Booker, H. G., & Wells, H. W. 

Scattering of radio waves by the F-region of the ionosphere. 
Baltimore, Md. 19388.) 249-256. illus. 28cm. (From 
errestrial magnetism and atmospheric electricity, Septem- 
ver 1938.) 


Brunner, W. 

Tables on sunspot frequency for 1749-1938. [Baltimore.] 
1939. p. 247-256. illus., tables. 28 cm. (From Terres- 
trial a and atmospheric electricity, September 
1939. 


Ceppi, Hector. 

La clasificacién de las sequfas. Buenos Aires. 1939. 14 p. 
diagrs. 29 cm. (Publicado en el no. 779, setiembre 1939 
de ‘‘La Ingenieria,’’ organ oficial del Centro Argentino de 
Ingenieros. 


Characteristics of the ionosphere at Washington, D. C., Januar 
1937—September 1938. New York. 1937-1938. (By 1. 
R. Gilliland, 8. 8. Kirby, 8S. E. Reymer, & N. Smith.) 
(Reprinted from Proceedings of the Institute of radio engi- 
neers.) 23 cm. 


Colwell, R. C., & Friend, A. W. 
The daylight variation of signal strength. [New York. 1937.] 
p. 141-144. illus. 30% em. (From Journal of applied 
physics. v. 8, no. 2. February 1937.) 


Coughran, Robert. 
Heat is the ether of the universe, by Bob Coughrar. [n. p.] 
{°1939.] 27 p. 23 cm. 


Crohamhurst observatory. (Australia.) 

Observatory papers. Brisbane. tables. [size varies.] 

No. 1. The Crohamhurst observatory. Its location and func- 
tions and the inaugural ceremony. Inigo Jones, F. R. A. S., 
Director. Bureau of seasonal forecasting, Council of agri- 
culture. (Inigo Jones seasonal weather forecasting trust.) 


1935. 16 p. 
No. 2. The elements of Crohamhurst. 1892-1935. 1936. 
n. p. 


No. 3. Observations of deep earth temperatures at the 
Botanic gardens, Brisbane, 1928-1935, and at Crohamhurst 
observatory 1935 from Ist June, also The sea surface tem- 
peratures at the Pile lighthouse, Moreton bay, and The 
solar constant of radiation at Montezuma, Chili, and at 
Table mountain. 1936. n. p. 

No. 4 Tables of rainfal2 in Queensland for the years 1933, 

1934, 1935. 1936. 16 p. 

No. 5. Data from Australian observations for the period 
1770-1853, with all available rainfall figures. Collected as 
evidence of the repetition of the weather in cycles, under 
the hypothesis now being investigated at the Crohamhurst 
observatory. 1936. 23 p. 

No. 6. The climate of Australia during the hypothetical 
Jovian sunspot cycles 1853-1876, together with the rainfall 
observations taken in Australia since 1822, by years to 1876, 
with some comments on the evidence of cyclical reproduc- 
tion in that period. 1936. 39 p. 

No. 7. The climate of Australia during the hypothetical 
Jovian sunspot cycles 1877—1901, together with the monthly 
and annual rainfall observations at selected stations during 
that period, and some comments on the evidences of cyclical 
reproduction of the weather. 1937. 123 p. 

No. 8. The climate of Australia during the hypothetical 
Jovian sunspot period 1901-1913, together with the monthly 
and annual rainfall observations at selected stations during 
that period and some comments on the evidences of cyclical 
reproduction of the weather and the immediate and other 
effects of sunspot changes. 1938. 94 p. 


Dahl, Helmer, & others. 
The Norwegian meteorologica! radiosonde{!], by Helmer Dahl, 
Odd Dahl, [and] Matz Jenssen. [no.] 5. gs Chr. Michel- 
sens institutt for videnskap og Andsfrihet. Beretninger IX.) 


Davos, Switzerland. Schweizerisches Forschungsinstitut fiir Hoch- 
gebirgsklima und Tuberkulose. 

1. Gesamtverzeichnis der Publikationen von Prof. Dr. Phil. 
et Med. h. C. C. Dorno. II. Verzeichnis der Veréffent- 
lichungen: a) des Physikalisch-meteorol. Observatoriums 
von 1927 bis Sommer 1934, mit Sachregister; b) des Instituts 
fir Hochgebirgsphysiologie und Tuberkuloseforschung von 
1923 bis M&rz 1934, mit Sachregister. Herausgegeben im 
Auftrag des Institutsvorstandes von Dr. R. Wolfer. [Davos- 
Platz. 1934.) 55 p. port. 21cm. 
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Demolon, A., & Geslin, H. 

Le printemps de 1938 et l’approvisionnement en eau des 
recoltes. Alengon. 1938. 8 . tables, diagrs. 23 cm. 
(Académie d’agriculture de France. Extrait du _ procés- 
verbal de la séance du 29 juin 1938.) 

Dropkin, David. 

The effect of radiation on psychrometric readings. Ithaca, 

N. Y. 1939. 60 p. illus., tables. 23 ecm. (Cornell 


university, Engineering experiment station. Bulletin no. 
26, October, 1939.) 


Eastern air lines, inc. Meteorological dept. 
The causes and forecasting of low ceilings and fogs at Atlanta 
airport, by J. J. George and W. M. Bradley. Atlanta. 
1939. 47 p. illus., maps, tables, diagrs. 27% cm. 
[Mimeographed.} 
The causes and forecasting of low ceilings and fogs at 


Jacksonville airport, by J. George. Atlanta. 1939. 
79 p. illus., maps, tables, diagrs. 27% em. [Mimeo- 
graphed.] 


Fog: its causes and forecasting, with particular solu- 
tions for the airports at: Chattanooga, Tenn.; Camden, 
N. J.; Richmond, Va.; Louisville, Ky.; San Antonio, Tex., 
by J. J. George. Atlanta. 1939. 82 p. illus., maps, 
tables, diagrs. 27%cm. ([Processed.] 


Eberle, William Caveny., & Weems, P. V. H. 


Learning to navigate. New York & Chicago. [°1939.) ix, 
7 incl. front., illus., diagrs. 24% em. Bibliography: 
p. 63. 


Eckel, O. 

Ueber die Schwankungen der Schneeverhiltnisse in Davos. 
{[Braunschweig. 1938.] p. 359-365. tables, diagrs. 30% 
aus der ‘‘Meteorologischen Zeitschrift,’’ 

eft 10. 


Finley, John P. 

Origin and destructive power of hurricanes. [New York. 
1939.] [11] p. illus., maps, tables, diagrs. 28 cm. (Re- 
printed from The Weekly underwriter, September 2, 1939.) 

Fisk, Dorothy Mary. 

Weather in the making. London. 

illus., diagrs., plates. 21 em. 
Geddes, M. 

The position of New Zealand aurorae. Wellington, N. Z. 
1937. p. 56-62. —, tables, diagr. 28 em. (Depart- 
ment of scientific and industrial research. Dominion ob- 
servatory, bulletin no. 120. Extracted from the New Zealand 
journal of science and technology, v. 19, no. 1.) 


Geer, Ebba Hult de. 


Jahresringe und Jahrestemperatur. [Stockholm. 1936.] p. 
277-287. 3 plates (fold.) 28 cm. (Fr. Stockholms Hég- 
skolas Geokronol. Inst., Data, 26. Geografiska Annaler, 
1936, H. 3-4.) 


Geer, Gerard de. 
Die geochronologische Verknipfung der quartaren Bildungen. 


{1939.] 234 p. incl. front., 


Rissoglaziale Telekonnektionen in Westeuropa. [Stockholm. 
1936.] p. 255-276. illus.,.maps. 28em. (Fr. Stockholms 
Hégskolas Geokronol. Inst., Data, 24 & 25. Geografiska 


Annaler, 1936, H. 3-4.) 


Geslin, H. 
La lutte contre les gelées et les seuils de résistance des principales 
cultures fruitiéres. Paris. 1939. p. 7-16. tables. 
em. (Extrait des Annales des épiphyties et de phytogéné- 
tique, tome 5, fase. 1, 1939.) 


Gillette, Halbert P. 


Varves and rock strata as recorders of cycles. A paper read 
before the American meteorological society, June 29, 1939. 
[n. p. 1939.] [4] p. illus., diagrs. 30% cm. 
Giovanelli, J. 
Quatre années de sondages aérologiques en Océanie. ([Paris. 


1938.] p. 102-113. tables,diagrs. 28cm. (From Annales 
de er du globe de la France d’Outre-Mer, 5° année, 
no. 28. oft, 1938.) 


Gish, O. H., & Booker, H. G. 
Nonexistence of continuous intense ionization in the tropo- 
sphere and lower stratosphere. [New York. 1939.] p. 
117-125. diagrs. % em. (Reprinted from Proceedings 


. oy institute of radio engineers, v. 27, no. 2, February, 
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Glick, Perry Aaron. 

The distribution of insects, spiders, and mites in the air. 
Washington. [1939.] cover-title, 151 p. illus., plates, 
map, diagrs. 23 cm. (U.S. Dept. of agriculture. Tech- 
nical bulletin no. 673.) Contribution from Bureau of 
entomology and plant quarantine. “Literature cited’: 
p. 146-150. 


Gregor, Alois. 
Appréciation des déviations de température du normal, d’aprés 
une échelle statistique naturelle. Praha. 1934. 13 p. 
tables, diagrs. 30% cm. (Institut météorologique de “ 
République Tchéc., Prague I1, U Karlova 3. Publ. série C, 
v. 3.) (Abstract in French and German. Text in Czech.) 


Grimminger, George, & Haines, W. C. 
Meteorological results of the Byrd Antarctic expeditions, 
1928-1930, 1933-1935: tables. Washington, 1939. 377 p. 
front. 30cm. (At head of title: U. 8. Dept. of agriculture, 
Weather bureau. Monthly weather review, Supplement 
no. 41. W. B. no. 1270.) 


Grober, Julius. 

Bericht tiber eine Wissenschaftliche Reise zu Strahlungs- und 
Akklimatisations-studien in Sudamerika und Afrika. — 
zig. 1938.] 6p. 23cm. (Sonderabdruck Deutsche Medi- 
zinische Wochenschrift. Nr. 9, 1938. Seite 308.) 


Haefeli, Robert. 
Bericht tiber die wissenschaftliche Tatigkeit der Station Davos- 
Weissfluhjoch in den Jahren 1934-1937. [Zurich. 1937.] 
5 p. illus. 30% em. (Sonderdruck aus der ‘Schweizer. 
Bauzeitung,”’ Bd. 110, Nr. 8 vom 21. August, 1987. At head 
of title: Schweiz. Kommission fur Schnee- und Lawi- 
nenforschung.) 


Hecht, W., & Mérikofer, W. 

Kritik und Verbesserung der Graukeilphotometermethode. 
Braunschweig. 1939. [16] p. illus., diagrs. 30% cm. 
(Sonderdruck aus der Meteorologischen Zeitschrift, Heft 
4&5. April, 1939, p. 142-149; Mai, 1939, p. 186-193.) 


Hidaka, K. 
Wind circulation of water and the inertia terms. Kobe. 1939. 
. 21-39. illus., tables. 26% em. (Reprinted from the 
emoirs of the Imperial marine observatory, v. 7, no. 1.) 


Hirschi, H. 
Die Bedeutung der radioaktiven Strahlung fir Balneologie und 
Klimatologie. Basel. [1938.] 6 p. 23 em. (Sonderabdruck 
aus der Schweizerischen Medizinischen Wochenschrift. 68. 
Jahrgang 1938, Nr. 16, Seite 403.) 


Hlav&é, Vaclav. 
Inversion dans la Sumava en Bohéme entre le 11 et le 25 
décembre 1932. p. 14-44. (Bound with Gregor, Alois. 
Appréciation des déviations de température du normal, 1934.) 


Hobbs, William Herbert. 
On some misrepresentations of Antarctic history. [London. 
1939.] p. 309-330. maps. 24% cm. (Reprinted from the 
Geographical journal, v. 94, October, 1939.) 


Horton, Robert E. 

The interpretation and application of runoff plat experiments 
with reference to soil erosion problems. [n. p. 1938.] p. 
340-349. illus. 31 em. (Reprinted from Proceedings, Soil 
science society of America, v. 3, 1938.) 


Hottinger, Max. 
Wasserverdunstung und Luftbefeuchtung. ([Berlin. — 
. 253-258. illus., tables, diagrs. 30%cecm. (From Gesund- 
eits-Ingenieur. Heft 19, 61. Jahrgang. 7. Mai, 1938.) 


Houghton, H. G., & Radford, W. H. 

On the local dissipation of natural fog. Cambridge & Woods 
Hole, Mass. 1938. 63 p. illus., tables, diagrs. 28 cm. 
(Massachusetts institute of technology and Woods Hole 
oceanographic institution. Papers in physical oceanography 
and meteorology, v. 6, no. 3.) 


On the measurement of drop size and liquid water con- 
tent in fogs and clouds. Cambridge & Woods Hole, Mass. 
ras 31 p. illus., table, diagrs. 28 cm. (Same, v. 6, 
no. 4. 


Hulburt, E. O. 

The brightness of the twilight sky and the density and tem- 
perature of the atmosphere. [New York. 1938.] p. 227-236. 
tables, diagrs. 28 cm. (Reprinted from Journal of the 
Optical society of America. v. 28. July 1938.) 
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Humphreys, Clark M. 

An analysis of winter temperatures for one hundred and twenty 
cities. A basis for the selection of heating design tempera- 
tures, by Clark M. Humphreys, assisted by workers fur- 
nished by the Works progress administration. Pittsburgh. 
1938. 36 p. map, tables (part fold.) 22% cm. 


Humphreys, William J. 

Origin and growth of the weather service of the United States, 
and Cincinnati's part therein. [New York. 1924.] p. 
372-382. 28 cm. (Reprinted from The scientific monthly, 
v. 18, no. 4. April, 1924.) 


Hurst, H. E., & Curry, P. A. 

Report on the measurement of the quantity of dust in the 
atmosphere of cotton ginneries. Cairo. 1939. 14 p. illus., 
tables, diagr. 27 em. (Egypt. Physical department. 
Paper no. 39.) 


International congress for applied mechanics. 
Mass., 1938. 

Proceedings of the fifth International congress for applied me- 
chanics, held at Harvard university and the Massachusetts 
inatitute of technology, Cambridge, Massachusetts, Septem- 
ber 12-16, 1938. Edited by J. P. Den Hartog and H. Peters. 
New York & London. 1939. xxi, 748 p. illus. (incl. charts), 
diagrs. 29cm. The contributions are in English, French 
or German. 


5th, Cambridge, 


International meteorological organization. 
Index des publications météorologiques des instituts centraux 


en cours. Edition préliminaire. [De Bilt. 1935.) 112 p. 
19% em. (Secretariat de |’Organisation mét. internat. no. 
26.) [Processed.] 


for agricultural meteorology. Protokolle 
der Tagung in Salzburg, 8-11. September 1937. Leyde. 
1938. 110 p. illus., plates. 24% cm. (At head of title: 
Secretariat de |’Organ. mét. nat., no. 36. Kommission fuer 
landwirtschaftliche Meteorologie.) 


Commission on projections for meteorological charts. 
Minutes of the first meeting, Salzburg, September 16th, 
1937. Leyde. 1939. 50 p. plates, map (fold.), tables. 
24% em. (I. M. O. no. 39.) . 
Jacks, Graham Vernon, & Whyte, R. O. 
The rape of the earth; a world survey of soil erosion. London, 
{1939.] 312 p. incl. front., 2 illus. (incl. 1 map), plates 
22% em. 
Jennings, Burgess Hill, & Lewis, Samuel R. 
Air conditioning; principles and practice, Ist ed. Scranton. 
Pa. xvi, 467 p. incl. illus., tables, diagrs. (1 fold.) 23 cm, 
(International texts in mechanical engineering, C. F. Taylor, 
consulting editor.) 
Johnson, C. Frank. 
Probability of recurrence of Ohio river floods, 
1939.] p. 911. illus. 30% cm. (Reprinted 
works magazine, April 1939.) 


New York. 
rom Public 


Johnson, Thomas H. 

Recent advances in the investigation of cosmic rays. [{Me- 
nasha, Wisc. 1939.) p. 233-256. illus., diagrs. 25% cm. 
(Reprinted from Journal of the Washington Academy of 
aciences, v. 29, no. 6, June 15, 1939.) 


Kenrick, G. W. 


Radio observations in Puerto Rico. (Brussels? 19387] p. 205- 
212. diagrs. 30% em. (Union radio scientifique inter- 
nationale.) 


Koschmieder, Harald. 


Luftlicht und Sichtweite. ([Berlin. 1938.] p. 521-528. illus., 
diagrs. 28em. (Sonderdruck aus Die Naturwissenschaften, 
1938, 26. Jahrgang, Heft 32.) 


Lettau, Heinz. 


Atmosphirische Turbulenz, mit 59 Abbildungen. Leipzig. 
1939. xi, 283 p. illus., charts, diagrs. 23% cm. “‘Liter- 
atur’”’: p. [265}-275. 

MeNish, A. G. 
Utilitarian {New York. 1938.] p. 


em of geophysics. 
illus. 26 em, 
v. 46.) 


ted from the Scientific, 


495-507. prin 


monthly, June 1938. 


Mayall, Robert Newton, & Mayall, Margaret L. 


Sundials, how to know, use, and make them. Boston. 
xv, 197 p. front., illus., plates, map, diagrs. 20% om. 
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Meinardus, W. 

Die Temperaturverhiltnisse der siidlichen Halbkugel. Braun- 
schweig. 1939. p. 94-106. maps, tables, diagrs. 23 cm. 
(Sonderdruck aus der “‘Zeitschr. fiir Geophysik’’, Jahrgang 
15, Heft %, 1939.) 


Middleton, W. E. Knowles. 
On the theory of the ceiling projector. [New York. 1939.] 
p. 340-349. illus., tables. 30% cm. (Reprinted from 
a of the Optical society of America, v. 29, August, 
1939.) 


Miller, L. F. 

Some characteristics of the pyrheliometer with a spherical 
absorber. [New York. 1938.] p. 127-131. diagrs. 28 em. 
(Reprinted from Review of scientific instruments, v. 9, 
April 1938.) 


Mills, Clarence Alonzo. 

Medical climatology; climatic and weather influences in health 
and disease. Springfield, Lll., & Baltimore, Md. [1939.] 
vii, 296 p. illus. (maps), tables, diagrs. 234%cem. ‘Refer- 
ences’: p. 285-290. 

Mississippi. State planning commission. 

A graphic summary of precipitation, temperature, and frost 
data for selected stations in Mississippi. [Jackson. 1939.] 
{unp.] map, tables, charts. 28 em. (W. P. A.—O. P. no. 
465-62-3-353.) (Release no. 26.) [Mimeographed.} 


Mitra, S. K., & others. 
The lower ionosphere, by S. K. Mitra, J. N. Bhar, and 8S. P. 
Ghosh. [Caleutta. 1938.] 10 p. tab., diagrs. 28 cm. 
(Reprinted from the Indian journal of physics, v. 12, p. 455.) 


Morikofer, W. 

Julius Maurer, 1857-1938. |Aurau. 1938.] 15 p. front. 28 
cm. (Aus den “Verhandlungen der Schweizerischen Natur- 
forschenden Gesellschaft 1938.’’) 

Meteorologische Strahlungsmessmethoden fiir Mediziner 
und Biologen. [Berlin. 1939.] p. 36-52. illus. 28 cm. 
Garnh aus Fundamenta Radiologica, Band 4, 
eft 1-2. 

Vorlaeufiger Bericht ueber eine Pruefung des Luci- 
meters Bellani-Henry. Leyde. 1938. p. 90-96. 28 cm. 
(Sonderabdruck aus Publikation Nr. 36, Kommission fuer 
landwirtschaftliche Meterorologie, Internat. met. organ.) 


Mohr, E. C. J. 
Climate and soil in the Netherlands Indies. [{Amsterdam. 
1938.] p. 241-251. 28cm. (Reprint from Bulletin of the 
Colonial institute of Amsterdam, v. 1, no. 4, August 1938.) 


Morandi, Luis. 

P:omedios-normales para los principales factores dei clima del 
Dep. de Montevideo sobre la base de observaciones semi- 
seculares (1883-1938) y frecuencia del viento (16 direcciones) 
durante el decenio 1929-38 en el aerodromo militardel Camino 
Mendoza (Montevideo). Montevideo. 1939. 24 p. illus., 
plates, tables. 29 cm. (At head of title: Instituto de 
estudios superiores, Montevideo.) 


Namekawa, Tadao. 

A theory of the annual variation of temperature of ocean or 
lake. Kyoto. [1935.] p. 239-245. 28 cm. (Reprinted 
from Memoirs of the College of science, Kyoto imperial 
university, series A, v. 18, no. 5, September 1935.) 


National geographic society, Washington, D. C. 
National geographic society—U. 8S. Navy solar eclipse expedition 
of 1937 to Canton island. Washington, 1939. cover-title, 
98, 361-394 p. illus. (incl. ports.), 2 col. pls., diagrs. 25% 
em. (National geographic society. Contributed technical 
pepers. Solar eclipse series. no. 1.) Papers by various 
authors. 


Nevada cooperative snow surveys. 
Seasonal snow survey and forecast of stream flow, April 1934. 


{Reno, Nev. 1934.] 4p. tables. 28 cm. 
Normand, C. W. B. 
The weather of India. Calcutta. 1937. 16 p. maps (1 fold.), 


tables. 22 cm. (Reprinted from ‘‘An Outline of the Field 
Sciences of India.’’) 


Parkinson, W. C., & Prior, L. S. 
The ionosphere at Watheroo, Western Australia, May 1938- 
March 1939. [Baltimore, Md., 1939.] 2nos. 25cm. (From 
Terrestrial magnetism and atmospheric electricity.) 
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Petterssen, Sverre. 
Notes on Dr. Sverre Petterssen’s lectures on synoptic meteorol- 
ogy, delivered at the Aeronautical officers school, Norfolk, 
Va., and San Diego, Calif., 1935. v. p. maps, diagrs. (fold.) 
27 cm. (Published by U. S. Bureau of aeronautics.) 
[Processed.] 


Pickwell, Gayle Benjamin. 
Deserts. New York. [°1939.] xiv, 174 p. col. front., plates, 
map, 30 cm. 


Piery, Marius, & Milhaud, M. 
L’adaptation au climat. Base de la climatothérapie. Paris. 
1938. 8p. 28 em. (Extrait de Paris medical, no. du 16 
avril, 1938.) 


The Pilot’s Manual. 
New York. [1939.] 199 p. illus., diagrs. 28 ecm. Published 
by Aviation.) 


Planck, Max Karl Ernst Ludwig. 
Treatise on thermodynamics. Translated with the author's 
sanction, by Alexander Ogg. 3d ed., translated from the 
7th German ed. London, N. Y., [ete.] 1927. xiv, 297 p. 
diagrs. 22cm, 


Pretoria. University. 

{[Publications.] Series no. 1. no. 12. Plummer, F. E., & 
Leppan, H. D. Rainfall and farming in the Transvaal. 
1927. no. 19. Haylett, D. G. A preliminary study of 
crop yields and rainfall in the Transvaal. 1930.—no. 22. 
Plummer, F. E. Aspects of rainfall in the western Cape 
Province. 1932.—no. 28. Schumann, T. E. W., & Thomp- 
son, W. R. A study of South African rainfall... 1934.— 
no. 29. Thompson, W. R. Rainfall, soil erosion, and run- 
off in South Africa. 1935. 


Rathgeber, Henri D. 
Magnetische Energiebestimmung der Teilchen der kosmischen 
Uitrastrahlung. Berlin. 1938. p. 273-292. illus., tables. 
23 em. (Sonderabdruck, Zeitschrift fiir Physik. 109. 
Band, 3. und 4. Heft.) 


Regener, E. 

Uber die Schauer der kosmischen Ultrastrahlung in der Strato- 
sphire. Berlin. 1939. p. 501-507. illus. 23 cm. (Son- 
an Zeitschrift fiir Physik, 111. Band, 7. und 8. 

eft. 


Reinhold, Friedrich. 

Das Schreibregenmessernetz in den deutschen Stadten. Berlin. 
[1938]. 12 p. tables. 23 cm. (Sonderabdruck aus dem 
Jahrbuch der Deutschen Gesellschaft fiir Bauwesen e. V. 
Mitgliederverzeichnis, 1938.) 


Rossby, Carl-Gustaf. 

On the role of isentropic mixing in the general circulation of the 
atmosphere. [New York. 1938.] p. 373-378. maps, 
diagrs. 304; cm. (Reprinted from the Proceedings of the 
Fifth international congress of applied mechanics, 1938.) 


Schmidt, Wilhelm. 
Vorschlage zur Ermittlung der Strahlungssummen fiir die Zwecke 
der Landwirtschaftlichen Meteorologie. Leyde. 1936. 7 
p. diagrs. 24 em. (Sonderabdruck aus Publikation Nr. 
24, Komission fiir landwirtschaftliche Meteorologie, Internat. 
met. organ.) 


Seaver, George. 

“Birdie” Bowers of the Antarctic; with an introduction by Apsley 
Cherry-Garrard. London. [1938.] xxiii, 270 p. front., 
illus., plates (part col.), ports., fold. map, col. facsim. 22 em. 

Serra, Adalberto B. 

La circulation générale de l’Amérique du sud. Rio de Janeiro, 
1939. 17 p. 96 plates. 29%; em. (At head of title: 
Ministério da agricultura, Servigo nacional de meteorologia.) 

Siam. Hydrographic service. Section of Meteorology. 


Meteorological organisation for aviators. [Bengkok.] 1939. 
33 p. map, tables. 224% cm. [Mimeographed.]} 
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Smolik, Ladislav. 

Die Temperaturen der Schneedecke auf der Waldwiese. 
Prague. 1938. p. 252-255. diagrs. 28 em. (Agromete- 
orologische Sektion der Landesversuchsanstalt in Brno, 
Publikation No. 168.) 

——To fon] the microclimate in a forest and over a meadow 
upon the bank of the Labe river. [Brno?] {1937.] p. 461-468. 
diagrs. 28 cm. (Reprinted from “Lesnickdé prace,’’ Roé. 
16.) (Agricultural experiment station, Section for meteor- 
ology, Publication no. 161.) [Title & text in Czech. Ab- 
stracts in French and German. } 


Soergel, Wolfgang. 
Die Vereisungskurve. Berlin. 1937. 87 B fold, diagr., 
table. ‘“Schriftennachweis’’: p. 85-87. 


Spilhaus, Athelstan F. 
A bathythermograph. New York. 1938. p. 95-100. illus. 
28 em. (New York university. Contributions from the 
College of engineering, 1937-1938, no. 16.) (Reprint from 
Sears found. Journal of marine research, 1937~—1938.) 


Stefansson, Vilhjalmur. 
Unsolved mysteries of the Arctic; introduction by Stephen 
Leacock. New York. 1938. xi, 381 p. front., maps 
(1 double). 22% em. Special edition. Bibliography: p. 
371-381. 


Steinhauser, Ferdinand. 

Ein Beitrag zur Anwendung der beschreibenden Statistik in der 
Klimatologie. [Braunschweig. 1935.] p. 206-213. tables, 
diagrs. 304% em. (Sonderdruck aus der “‘Meteorologischen 
Zeitschrift,” Heft 6, 1935.) 

Die Meteorologie des Sonnblicks. 1. Teil. Beitrige zur 
Hochgebirgsmeteorologie nach Ergebnissen 50-jihriger Beo- 
bachtungen des Sonnblick-Verein. Wien. 1938. 179 p. 
tables, diagrs (1 laid in back). 28% em. 


Stevens, Loyd A. 
Winds in the upper troposhere and the lower stratosphere over 
the United States. [Washington. 1936.) p. 117~—126. 
maps, tables. 24% em. (In Air commerce bulletin, v. 8, 
no. 5.) 


Stewart, Oscar Milton. 


Physics; a textbook for colleges. 3d ed. Boston, New York, 
{ete.] [* 1939.] x, 750 illus., plates, diagrs. 24 cm. 


Stone, Robert G. 

Fog in the United States and adjacent regions. New York. 
{1936.] p. 111-134. maps, tables, diagr. 25% cm. (Re- 
printed from The geographical review, v. 26,no.1. January, 
1936.) 


Sverdrup, H. U. 

On the process of upwelling. {New Haven. 1938.] p. 155 
164. diagrs. 23 cm. (Reprint from Sears found. Journal 
marine research, 1937-1938. Contribution from the Scripps 
inst. of oceanography. New series, no. 1.) 

Physics and geophysics, with special reference to prob- 
lems in physical oceanography. Berkeley, Calif. 1939. 23 
p. maps, diagrs. 24 em. 


Sydow, E. 

Messungen der Ultraviolettstrahlung an der Nordsee. [Kiel. 
1938.] p. 252-258. map,tables. 23cm. (Reprinted from 
Zeitschrift fiir angewandte Meteorologie, 55. Jahrgang, 
Heft 8.) 


Tannehill, Ivan Ray. 

The hurricane (revised 1938). Washington. 1939. 9 [5] p. 
maps, charts, diagrs. 29cm. (U.S. Dept. of agricul- 
ture. Miscellaneous publication no. 197.) Contribution 
from Weather bureau. 

The recent hurricane in New England. [New York. 
1939.)] 9p. photos., map. 28 em. (Reprinted from The 
scientific monthly, January, 1939, v. 48, p. 42-50.) 


Taracouzio, Timothy Andrew. 
Soviets in the Arctic; an historical, economic, and political study 
of the soviet advance into the Arctic. New York. 1938. 
xiv, 563 p. inel. tables, 7 maps (1 fold., in pocket). 24 em. 
Half-title: Bureau of international research of Harvard 
university and Radcliffe college. Appendices. Bibliography. 
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Thornthwaite, C. Warren. 
The hydrologie cycle reexamined. Washington. 1937. 8 p. 
maps, diagrs. 30% em. (Reprint from Soil conservation, 
v. 3, no, 4. October 1937.) 
The significance of climatic studies in agricultural 
research. [n. p. 1937.] p. 475-480. 30% cm. (Reprinted 
from Soil science society of America Proceedings, v. 1, 1937.) 


U. 8. Department of agriculture. Office of land use coordina- 
tion. 
The land in flood control. (Washington. 1938.] 38 p. illus. 
23'4 em. (Miscellaneous publication no. 331.) 
U. S. Soil conservation service. Division of research. 


Hourly precipitation on the Upper Ohio and Susquehanna 
drainage basins . . . prepared by Division of research, Soil 
conservation service, Muskingum climatic research center, 
New Philadelphia, Ohio, in cooperation with Muskingum 
watershed conservancy district and Works progress adminis- 
tration. January, 1938. [New Philadelphia, Ohio.] 1939. 
vol. maps. 22x 32 em, (SCS-PC-1. April 1939.) 


MONTHLY WEATHER REVIEW 


Vaisa5:, Vilho. 


DecemBer 1939 


Ein Gasbarometer. Helsinki. 1937. 4 p. illus. 28 cm. 
(Sonderabdruck aus Annales Academiae scientiarum fennicae. 
Series A. v. 48, no. 7.) 


Wagner, A. 


Wilhelm Schmidt. [Braunschweig. 1937.) 4 p. front. 30% 
em. (Sonderdruck aus der Met. Zeit., Heft 1.) 
Wallner, Josef. 
Die Hochwasservoraussage. Berlin. 1938. vii, 65 p. illus., 


diagrs. 26 cm. 


Walter, Emil J. 


Féhn trotz steigendem Luftdruck. (24.-28. Oktober 1937.) 
[Zirich. 1938.) p. 341-344. tables. 28 cm. (Viertel- 
jahrsschrift der Naturforschenden Gesellschaft in Zirich. 
Jreiundachtigster Jahrgang. 1938. Drittes und viertes 
Heft. Ausgegeben am 31.Dezember 1938.) 


SOLAR OBSERVATIONS 


[Meteorological Research Division, EpGak W. Woo in charge 


SOLAR RADIATION OBSERVATIONS, DECEMBER 1939 
By Irvine F. 


Measurements of solar radiant energy received at the 
surface of the earth are made at nine stations maintained 
by the Weather Bureau, and at ten cooperating stations 
maintained by other institutions. The intensity of the 
total radiation from sun and sky on a horizontal surface 
is continuously recorded (from sunrise to sunset) at all 
these stations by self-registering instruments; pyrhelio- 
metric measurements of ie intensity of direct solar radia- 
tion at normal incidence are made at frequent intervals on 
clear days at three Weather Bureau stations (Washington, 
D. C., Madison, Wis., Lincoln, Nebr.) and at the Blue 
Hill Observatory of Harvard University. Occasional 
observations of shy polarization are taken at the Weather 
Bureau stations at Washington and Madison. 

The geographic coordinates of the stations, and descrip- 
tions of the instrumental equipment, station exposures, 
and methods of observation, together with summaries of 
the data, obtained up to the end of 1936, will be found in 
the Monraty Weatuer Review, December 1937, 
415 to 441; further descriptions of instruments and meth- 
ods are given in Weather Bureau Circular Q. 

Table 1 contains the measurements of the intensity of 
direct solar radiation at normal incidence, with means and 
their departures from normal (means based on less than 3 
values are in parentheses). At Madison and Lincoln the 
observations are made with the Marvin pyrheliometer; at 
Washington and Blue Hill they are obtained with a record- 
ing thermopile, checked by observations with a Marvin 
pyrheliometer at Washington and with a Smithsonian 
silver disk pyrheliometer at Blue Hill. The table also 
gives vapor pressures at 7:30 a. m. and at 1:30 (75th 
meridian time). 

Table 2 contains the average amounts of radiation 
received daily on a horizontal surface from both sun and 
sky during each week, then departures from normal and 
the accumulated departures since the beginning of the 

ear. The values at most of the stations are obtained 

rom the records of the Eppley pyrheliometer recording 
on either a microammeter or a potentiometer. 

Direct radiation intensities averaged close to normal at 
all four stations. 

Total solar and sky radiation was above normal at every 
station during December. With the exception of Twin 


Falls, Riverside, and Miami, all stations showed an excess 
in total solar and sky radiation durin 
the excess being particularly mark 
Madison, and Chicago. 


the entire year; 
at Washington, 


Polarization observations made at Madison on 4 days 
give a mean of 69 percent with a maximum of 73 percent 
on the 8th. These are close to normal for December. 

The normal incidence reading of 0.048 gram calorie 
(corrected for mean solar distance), made at 5.0 air mass 
on the afternoon of December 12, 1939, at Lincoln, is the 
lowest ever recorded by this bureau through any of the 
standard air masses. . W. Kemper’s original notations 
on the record sheets for this day read, “Sky very dusty. 
Visibility fair. Brisk northwest wind. No clouds.” 

With no clouds present, the depletion of radiation can- 
not be attributed to condensed water-vapor, while the 
“fair visibility” clearly indicates that most of the dust was 
above the observer, or at an elevation of more than 100 
feet above ground. The brisk northwest wind proves that 
this duststorm was general rather than local. 

Figure 1 shows the relationship between the actual ob- 
served normal incidence radiation on the afternoon of 
December 12 and the 25-year normals for the same air 
masses. 

This severe dust cloud gives added verification of the 
extreme drought conditions which prevailed in the mid- 
West during 1939. 


--- Solar constant 1.94 gram calories ~~ 

1.8 

16 
14 

2 
25 year normal 
S10 
06 
So December 12,1939 p.m. 
202 
$6 35 4O 45 50 
Air Masses 


Fiaure 1.—Plot of normal-incidence readings made on the afternoon of December 12, 
1989, at Lincoln, Nebr., showing the effect of the duststorm. 
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TaBLE 1.—<Solar radiation intensities during December 1989—Con. 
{Gram-calories per minute per square centimeter of normal surface] 


WASHINGTON, D. C. LINCOLN, NEBR.—Continued 
| | 
| Sun’s zenith distance Sun’s zenith distance 
| | 702° | 0.0° | 0.0° 70.7 mz | | 75.7° | 70.7° | 60.0° | 0.0° | | 70.7° | | 

Date 75th Air mass 75th Date 75th Air mass 75th 
mer. mer. mer. mer. 
time a.M. | P.M. time time A.M. P.M | time 

e | 50 | 40 | 30 | 20 1.0 | 2.0 | 3.0 40 | 50} e e 50 | 40 | 30 | 20} 10) 20 | 30 | 40 | 5.0 | e 
mm. | cal. cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal, | mm. mm. | cal. | cal, | cal. | cal. | cal. | cal. | cal. | cal. | cal. mm. 
Dec. 8........| 2.74 | 0.90 | 1.06 | 1.24] La hes 2.49 . .05| 1.78 
90)/(1. 06) | (1.20) |(1, 41) Aue 2.87 | i.i7 | 1.26 | 1.37 |......|_.... 1.23} 109} 262 
4.17 | 1.10 | 1.24] 1.42 1.68 |...... 4.95 +.04 [4.03 |—, 11 | 
| 
Deo. 8. a3 1. 16 92 28 
LINCOLN, NEBR. Dec 15.......| 1.5) .97| 1.06 | 1.16 | 1.27) 1.40 1.28) 1.10) 1.08| 1.5 
Dee. 1... 5.56 | 0.92 | 1.22 | 4.87 Dec. 1.7} 1.05 | 018 | 198 LIT 
Dec. 2.......-) 2.49 | 1.21 | 1.31 | 1.42 | 249 Dec. 1.5 | 1.05 | 1.18 | 1.28 | 1.48 1.30) 1.5 
rt} Dee. 26....... L1 | 1.10 | 1.19} 1.30 | 1.40 1.44) 129/116) 1.06) 11 
Dee. 3.68 1. 1 1.06 3.09 -7 | 1.22] 1.32) 1.42 | 1.83 1.39 | 1.23 | 1.12 | 1.00 
8...--.-- . -20 81 | 1,02 | 1,13 | 1,30 | 1,40 | 1,38 | 1,22) 1.10) |. 
Dec. 3.99 .89 | 1.02 | 1.19 4.17 —.05 |—.02 |—.05 |—.04 | [4.08 |+.07 |. 
TABLE 2.—Average daily totals of solar radiation (direct + diffuse) received on a horizontal surface 
Gram calories per square centimeter 
| 
Wash- New Fair- Twin New | River- | Blue | San New 
ington |Madison/ Lincoln | Chicago) | Fresmo | banks | Falis | Miami | Orleans | side | Hill | Juan | port 
cal. | cal. cal. cal cal. cal. cal, cal, cal cal. | cal. | cal, cal, cal, cal 
200; 210 128 109 192 12 119 259 $34) 275) 220} 132 484 | 130 
160; 192 96 120 185 7 126 265 316 | 283 247 | 132; 444 | 139 
1599; 114 171 89 95 151 8 127 252 320 234 | 131} 402 133 
Dee, 24} 176| 12 141 93 130 186 6 113 305 287 219 | 240 | 199 | 431 | 148 
Departures from weekly normals 
Dec. 3 +50 +35 +35 +56 +5 +8 +4 +11 +24 +19 +7 $B hicsoes +0 
Dee. 10 . +20 +4 +26 +14 +15 +14 +1 aN +30 +12 +62 +44 sci —22 
+15 | —5 | —6 3 +9 +5 +34 +2 —3 +13 
+26 | +1 —34 | +8 +15 +39 | -1 —18 +69 +2) +87) +27) +19 +5 
| i 
Accumulated departures on— 
+18, 387 [412.7 | +7, 876 (+19, 60 | +8, 420 | +1, 222 | +1, 420 —2, 678 | +4, 717 | —5, 934 | Sate ceed —4, 003 | +8, 787 |......... +3, 176 
Percentage departures for the year 
| +14.8 | +10.7 | +5.7 | +19. 5 | +82 | +0.7 | +1.8| —1.9 | 482) —4.0/......... —2.6 | +24 


1 Eight-day means. 
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POSITIONS AND AREAS OF SUN SPOTS POSITIONS AND AREAS OF SUN SPOTS—Continued 
{Communicated by Capt. J. F. Hellweg, U. 8. Navy (Ret.) Superintendent, U.S. Naval | 
Observatory. Data from measurements at the U. 8. Naval Observatory from plates } | Heliographic 
obtained at the observatories indicated. Difference in iongitude is measured from 
the central meridian, positive toward the west. Latitude is positive toward the north. East- Mount j Area 
Areas are corrected for foreshortening and expressed in millionths of Sun’s hemisphere. ern | Wilson Dif- | Dis-; of Spot | Plate 
For each day below longitude, latitude, area of spot or groups, and spot count, are Date | stand- ou fer- Lee tance} spot omaael qual-| Observatory 
given respectively the assumed longitude of the center of the disk, assumed latitude of ard Noe ence {- Lati-| from} or ity 
z the center of the disk, total area of spots and groups, and total spot count] time ‘ in 8 tude | cen- | group 
: lon tude ter of 
Heliographie 
ern | | Dif- | Dis | of | spot | Plate Dec.12} 11 7 = va Do 
Date | stand- | group fer- | Lon: | | tance} spot | count qual-| Observatory 6702 me 60 | 364 3 
ard ence | Lati-| from} or | ity 
time | No. in | 8 | tude | cen- |group| 6700} 51] +8| 24] 12 1 
longi-| ter of 6009 | 52) 23) 85) 9 
tude disk 6701 | —22 52 | —17 27 48 5 
6701] -15| 59} —16} 22] 218 1 
66921 +70] 144/-10| 79] 24 1 
19399 | om. ° ° 0697 | +75] 149] -14] 75] 24 1 
Dec. 1] 12 17| 140! 70] 145 1] G@ | Mt..Wilson, 
| +34 | 33] 873] 25 (74)} (—1) 926) 31 
6684 —2 6) 2 
@l is} 6707 | 34] 751 48| 2| VG Mt. Wilson. 
640 +-62 280 | ~20 “4 48 5 6705 | —60 1] +15 62 61 5 
- 17 
6604) +55) 28) +4] 55] 2) 2 10) 36) 6 
R87 | 250) —7] 58] 170] 33 6701} 16] 194) 2 
6687 | +65] 2583] —9| 4 6602 +85] 146) 85 1 
6603 | +45 | 258) 46] 65] 48 3 
; 6684) +65) 28; —2 65 7 2 (61) | 329 50 
7 ( 5 6 
(193)} (-+1) 775| 26 wii! a! as 
4} 11 90] 141] -10] 40] 121 3| G | U.8. Naval. 6702 | 20) +30) 41) 194 6 
3 Haves 6706 | 35] +9] 15] 61] 10 
| +06] 245) +5) 24 1 67 49) 16) 24) 4 
0687 | +68} 247| —7] 69] 121 6 6701} 17] 12 
6687 | 256] 78] 201 1 58] 12] 48 7 
| +77) 256) 77) 7 l 6701] +14 61] —15] 20] 218 1 
| 16 (47)} (—1) 641} 49 
5110 —2 142 | —10 73 1] De 45 6710 | —30 4) 33] 24 1| Do. 
5 17 ‘ 
6005 174 | +17 19] 24 3 wi 
166 0 121 6 01 21 —15 25 12 2 
e009 | +22] 56] 22] 38 
m2} 1 97 1| VG Do. 6701} +28] 62) —15 31] 242 6 
e607 | —10 | 143 | —15 17] 48 3 
+21] 174] —16 12 2 (34)} (—1) 40 
@) 157 16} 11 21 6705 | —20 1]/+16] 25] 12 1] VG | Mt. Wilson. 
6704 | —11 10} +22] 23] 339] 30 
| 4 6 1} Do (*) 14] 2 6 1 
| +2] 142] —10 11 97 1 6709 | —3 18 | —15 13 48 9 
e607 | +2] 142] —14 73 6 6702] —1} 20/429] 30] 218 7 
6602 | +6] 146] —10 13 24 11 671 +18 39) +8 21 12 1 
+36} 57] —8| 28] 61 1 
(140)} (0) 20; 1 6701] +41 | 62) —16] 44] 194 6 
sill 1 6709 | —79 48) +7 7 12 1 a Do (21)] &90 56 
6600 | —75| —7 76| 97 3 
6097 | +16] 2] 121 4 17/11 45] 6712] —81 71-19} 82 8 2] F | U. 8. Naval 
6602 | +16] 18] 73 1 6711 | —70 | 208] +14] 72 6 1 
6002} +20} M7/—11] 23] 48 5 6704] +3{ 11) +22} 23] 201 16 
6709 | +11 19 | —15 18] 48 4 
(127)} (0) 351 14 6702 | +12} 20) +30] 33] 194 
6699 | +50] 50] 24 1 
9) 10 35) 6700) 19) +7] 685) 48 a Do. 6701 | +56] 64 | —15 71 121 1 
6699 | —6) 83) 62] 73 2 
ami | —so} 55|-16| oo| 6 (-) | 
6602 | +20] 143 | —10 73 2 
ono2 | +34] M48) 48 6702 19| +30} 37] 194 
6709 | +28} 23] —-15] 32 6 1 
(114)} 508} 20 +8] 40| 24 
57] —8| 62] 12 1 
| —7/ 49] 7 6 (355)} (—1) 793} 37 
6701 | —45| 47] 242] 11 
6602 | +43} 44] 48 19} 10 45] 6712] —54] 288] -19] 56] 85 Do. 
6007 | +46] 146) —-14] 48] 7 6714 | 16] 12 1 
6092 | +49} 140) 50] 24 3 6713 | +7] 349} 20 1 
6704} +28} 10) +22) 35] 436} 30 
(100)} (0) 726} 27 6702 | +38} 20/ +30] 48] 194 1 
1] 10 49] 7 1} va | 
wl 2}15 36] 6716} o7] 1] P Do. 
ooo | —7| 6715 | —72] 254] 72] 97 2 
6602 | 144) 24 6713 | +22] 48) —19) 27) 6 
ooo? | 149/-14] 36; 1 C704 40) +22) 645) 
| 6702 | +51] 17| +29) 58| 194 2 
708 (326)| (—2) 975 | 33 
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POSITIONS AND AREAS OF SUN SPOTS—Continued 


Heliographic 
East- M Area 
Date tand Wilson seat | Observatory 
stand- tance | spot 
aa = ence Lati- from| or | count 
n ude | cen- ‘ou 
longi-| ter of 
tude disk 
Dec. 21} 10 50 6716 | —74 —11 75 97 VG Mt. Wilson. 
6715 | —61 255 -9 62 73 2 
6715 | —59 7} 60; 1094 7 
6712 | —28 | 288} —18 33 48 7 
6704 | +52 8 | +22 56 73 3 
6704 | +60 16 | +21 63 | 242 9 
6702 | +62 18 | +29 67 | 194 4 
(316)} (—2) 921 34 
z2ill 6 6716 | —60 | 242| —11 60; 194 3; Qa U. 8. Naval. 
6715 | —48 254 —-9 49 73 1 
6715 | —45 257 | —11 46 14 2 
6712 | —14| 288; —19 23 1 
6704 | +75 17 | +22 78 | 145 2 
6702 | +76 18 | +29 80; 144 1 
(302) (—2) 775} 
23/11 6716 | —46 | 243 | —I11 47} 194 2 Do. 
6715 | —35 254 | —10 36 3 
6715 | —31 258 | —12 33 170 8 
6712 28) —19 18 24 1 
(289)| (—2) 485 14 
24/11 32 6718 | —48 | 228) —21 51 24 4; G Do. 
6716 | —31 245 | —11 32} 194 1 
6715 | —21 255 | —10 23 97 6 
6715 | —19 | 257 | —1ll 21 145 
6717 | —12 264 | —10 14 24 5 
6712 | 288}; —19 21 24 1 
(276)| (-2) 508 26 
2;13 3 6718 | —35 | 227 | —21 40 6 2 F Mt. Wiison 
6716 | —18 244 | —11 22 170 4 
715 -7 255 | —10 ll 73 8 
6715 —-5 257 | —11 ll 97 7 
6717 | +8] 270 -8& 10 6 1 
6719 | +25 | 287] +12 27 6 1 
(262)| (—2) 358 23 
2/11 39 6718 | —20 | 229) —21 36 VGiU. 8. Naval 
6716 | —3 | 246} 10} 170 1 
6715 +4; 253; —10 10 24 5 
6715 | +9; 258 | —1l 145 9 
(249)| (—2) 875 | 19 
27/11 $1 6718 | —7| 229} —21 19 1 a Mt. Wilson 
6716} +0] 245) —11 12; 109 6 
6715 | 258 23 97 13 
6719 | +52 | 288 | +12 53 18 4 
(236); (—2) 230 24 
23113 56 6721 | —66 | 156] —16 67 6 2 F Do. 
6720 | —20| 202) +19 29 48 6 
6716 | +24 | 246/ —11 26 109 5 
6715 | +35 | 257 | —10 35 97 ll 
6719 | +66 | 288 | +13 67 12 5 
(222)| (—3) 272 2 
2) 138 16 6723 | —83 126 | +16 82 97 1 G Do. 
6720 —6 +19 22 36 7 
6716 | +37 ' 246' —11 109 4 
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POSITIONS AND AREAS OF SUN SPOTS—Continued 


Heliographic 
Fast- Area 
Date | stand Wilson tance| spot | | 
stan er- J nee| spo qual- vatory 
ard | | ence in Lati-|from| or |°U®* ‘ity 
time | in tude | cen- | group 
longi- ter of 
tude disk 
1989 h ° ° ° 
Dee. 2 13 15 6715 257 | —10 48 48 a 
6 +55 264 +6 56 12 1 
719 | +78 287 | +12 78 12 1 
(209)| (—3) 314 23 
30) 11 54 6723 | —60 128 | +16 70 194 6| VG | U. 8. Naval. 
6724 | —65 132 +9 65 4 
6720 +6 203 | +19 22 24 4 
6716 | +49 246 | —11 49 108 4 
6715 | +60 257 | —10 60 12 2 
(197)| (—3) 387 20 
31;12 4 6725 | —66 117 | +12 67 12 1 G Do. 
6723 | —54 129 | +17 56 194 2 
6724 | —50 133 +9 51 36 4 
(*) +22 205 | —11 22 6 1 
6716 | +63 246 | —12 62 87 4 
6715 | +-75 258 | —10 75 12 1 
(183) (—3) 357 13 | 


Mean daily area for 30 days=585. 


*=not numbered. 
VG=very good; G=good; F =fair; P=poor. 
PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR 
DECEMBER 1939 
[Dependent alone on observations at Zurich) 


{Data furnished through the courtesy of Prof. W. Brunner, Eidgen. Sternwarte, Zurich, 
Switzerland] 


December Relative December Relative } December Relative 
1939 numbers 1939 numbers | 1930 numbers 
34 

i 


Mean, 16 days=43.4. 


*Observed at Chur. 

a= Passage of an average-sized group through the central meridian. 

b= Passage of a large group through the central meridian, 

c= New formation of a group developing into a middle-sized or large center of activity: 
E, on the eastern part of the sun’s disk; W, on the western part; M, in the central-circle 


zone. 
d=Entrance of a large or average-sized center of activity on the east limb. 


AEROLOGICAL OBSERVATIONS 


{Aerological Division, D. M. in charge) 


By B. Francis 


Observations of pressures, temperatures and humidities 
made in the upper air by radiosondes, airplanes and pilot 
balloons during December are given in tables 1, 2, and 3. 
The pressures and temperatures, as well as resultant-wind 
directions and velocities, for 1.5, 3, 4, and 5 kilometers, 
are shown on charts VIII, IX, X and XI, respectively. 
Table 4 indicates the average heights of the tropauses, 
and chart XII presents the December isentropic data. 


Effective December 1, the United States Navy discon- 
tinued ce observations at Pensacola, Fla., and sub- 
stituted t. 


e use of radiosondes, 


The distribution of mean pressure at 5,000 feet was such 
that the lowest pressure prevailed over the northeastern 

ortion of the United States and the highest over Florida. 

ressures reduced to this level showed the lowest to be at 
Mount Washington, N. H. (828.0 millibars), while the 
highest occurred in the southern Rocky Mountain region 
(Durango, Colo., 852.6 millibars). In the upper levels 
low mean pressure persisted over Sault Ste. Marie, Mich., 
with the highest over Pensacola and Miami, Fla. Out- 
side the United States proper, the lowest pressures at 
all levels prevailed over Alaska, with Fairbanks consist~ 


i j 
| 
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ently about 10 millibars lower than Juneau at each cor- 
responding level. 

The mean barometric pressures during the current 
month were lower than those for November. Such was 
the case over all stations at every level, and, in many 
instances, December pressures were lower than any noted 
since radiosonde observations were inaugurated. It was 
also found that the current month showed pressures lower 
than in December 1938 at all levels over Washington, 
DD. C., and in all but the higher altitudes over Nashville, 
Tenn., and Sault Ste. Marie, Mich. At Omaha, Nebr., 
however, the current month showed higher mean pressures 
for all levels than during the corresponding month of 
1938. 

Pressure differences between the high and low pressure 
areas, indicated by Miami, Fla., and Sault Ste. Marie, 
Mich., were greatest at 7 and 8 kilometers by as much as 
30 millibars. This gradient, although associated with 
moderately high winds at identical levels, failed to coincide 
with the region of highest resultant winds and maximum 
individual velocities occurring at 9, 10, and 11 kilometers 
as shown in tables 2 and 3, respectively. 

Mean free-air temperatures for the month were lowest 
over Sault Ste. Marie, Mich., and highest over the South, 
and particularly Miami, Fla., at 1.5, 3, 4, and 5 kilometers, 
as shown on charts VIII, IX, X, and XI, respectively. 
At these levels, as well as those up to 8 kilometers, the 
temperature difference between the points of extreme 
means (Miami, Fla., and Sault Ste. Marie, Mich.), 
remained uniform at approximately 18° C. Then the 
difference decreased with additional altitude until, at 
11.4 kilometers, temperatures over both stations were 
equal. But above this level mean temperatures over 
Sault Ste. Marie, Mich., became warmer than those over 
Miami, Fla., with the difference increasing with altitude 
to 18° ©. at 16 kilometers. 

December temperatures were lower than those noted 
during the preceding month up to 16 kilometers, and then 
warmer above. In Alaska, however, the means at 
Juneau and Fairbanks showed the current month to be 
warmer at all levels. All stations having 1 year of 
radiosonde records showed that the current December 
was warmer than in December 1938 at all levels below 10 
kilometers. At Omaha, Nebr., however, the current 
month was warmer at all levels, while Washington, D. C., 
showed means lower than in December 1938 above 2 
kilometers, 

The lowest individual temperature recorded during 
December was —78.1° C. at 15 kilometers over Miami, 
Fla. Other outstanding low readings were made at 17 
kilometers in the Southwest. Mean and _ individual 
ga temperatures were highest over Fairbanks, 
AIASKA, 

Resultant winds are shown on charts VIII, [X, X, and 
XI, for 1.5, 3, 4, and 5 kilometers, respectively. At 1.5 
kilometers, winds from the northwest quadrant predomi- 
nated east of the Rocky Mountains, while southwesterly 
and southeasterly directions occurred over the far West. 
This circulation, about the high pressure area in the 
Rocky Mountain region, still persisted to a slight extent 
at 3 and 4 kilometers. However, northwesterly directions 


practically covered the entire country, and at 8 and 10 
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kilometers (see table 2) northwesterly winds existed 
everywhere, with the exception of Miami, Fla. 

Resultant velocities were high over most of the United 
States, except in the far Southwest at 1.5 and 3 kilometers. 
While a similar distribution was maintained at all higher 
levels, there was an increase in velocity with altitude. 
Outstanding resultant velocities occurred over the lower 
Great Lakes region, the Ohio Valley, and the Middle 
Atlantic States, with the highest for the country at 1.5 
kilometers being recorded at Kylertown, Pa. (12.7 meters 
per second); at 3 kilometers over Cincinnati, Ohio (16.2 
meters per second); at 4 kilometers over Chicago, II. 
(22.5 meters per second); at 5 and 8 kilometers over 
Richmond, Va. (25.2 and 35.8 meters per second); and at 
10 kilometers over Huron, S. Dak. (28.8 meters per 
second). 

Except in the far Northwest, at 3 and 5 kilometers, and 
west of the Rocky Mountains at 4 kilometers, the resultant 
wind directions departed from normal by turning in clock- 
wise rotations. However, these departures were not 
large, except for a few scattered instances where velocities 
were comparatively low. Resultant velocities were greater 
than normal at each level over practically every station, 
but departures were not excessive below 5 kilometers. At 
the latter level, however, large positive departures from 
normal were noted at Billings, Mont., Cheyenne, Wyo., 
and Atlanta, Ga. (+11.1, +7.7 and +7.2 meters per 
second, repectively.). 

Table 2 shows resultant winds based on 5 p. m. (seventy- 
fifth meridian time) observations. These directions, when 
compared with those for 1.5 and 3 kilometers based on 5 
a. m. observations, showed a decided diurnal tendency to 
become more northerly over all but the southern and 
western portions of the United States. Elsewhere, the 
directions were more southerly in the afternoon. The 
5 p. m. velocities were less than in the early morning over 
all of the country except along the northern border at 1.5 
kilometers, and over the entire Rocky Mountain region at 
3 kilometers. 

The maximum wind velocities for December are given 
in table 3. The velocity of 87.5 meters per second (195.8 
miles per hour) over Omaha, Nebr., at 12 kilometers on 
the 22d, is the highest of record in that section of the 
country, and is the fourth highest ever to be recorded by 
means of pilot balloons. 


MONTHLY MEAN ISENTROPIC CHART ! 


The monthly mean isentropic chart, 6=300°, for De- 
cember 1939 (chart XII) shows that the westerlies had 
pushed southward over the eastern part of the count 
practically to the Gulf Coast, while an ag gw eddy is 
suggested in the moisture pattern over the Southwest, 
although not in the resultant wind circulation. With no 
knowledge of the normal isentropic pattern for December, 
no correlation with the departure of precipitation from 
normal can be undertaken. However, it may be remarked 
that over the eastern half of the country, where there is a 
marked deficiency of precipitation, the resultant winds 
are along slope or slightly down slope, 


! Prepared by Division of Research and Education, 
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See footnotes at end of table. 


ac 
&3 
82 
s4 . 
73 
75 
73 ; 
72 
70 
67 
65 
64 
 * 
- 
16,000 
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Altitude 
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Altitude 
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Surlace 
1.000 
1,500 
2,000 
2.500 
1,000 
1,000 
5,000 
6,000 
7,000 
&,000 
9,000 
10,000 
11,000 
1,000 
14,000 
14,000 
15,000 
14,000 
17,000 
18,000 
19,000 
20,000... 
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Mean free-air barometric pressure in millibars, 
airplanes and radioso 


1939 


Stations and elevations in meters above sea level 


coe a ne in degrees Centigrade, and relative humidities in percent, obtained by 
es during December 1939—Continued 


| Juneau, Alaska Lakehurst, N.J.? Medford, Oreg. Miami, Fla. Minnezpolis, Minn. Nashville, Tenn. Norfolk, Va.? 
| (49 m.) (39 m.) (401 m.) (4 m.) (263 m.) 180 (10 
| 
| 20 | 907 4.4 | 82 | 20 11,008 | ~—0.2! 76 | 30 | 971 5.2 | 89 | 31 [1,018 | 15.0] 92] 31} 982] —3.2] 77] 31 | 995 4.4 | 74 | 25 1,016 4.5 | 7% 
20 | 943 1.8 | 83 | 29 952 | —0.9 | 68 | 30 | 959 5.5 | 87 | 960] 16.4] 77] 31) 954) —1.8 74 | 31 | 957 4.9 | 71 | 957 61 
| 20 | 886 | —1.6| 88] 20] 894] —2.0 | 66 | 30 | 903 5.9 | 75] 31] 906 18.5 | 75 | 31 | 896 | —1.8 | 67 | 31 | 900 3.3 | 65 | 25 | 900 3.3 | 55 
92/29] 839) —3.4 63 | 30 | 849 4.7 | 68 | 31] 854 12.1 | 50 | 841 | —1.8 | 56 | 31 | 846 1.7] 58125) 846 52 
| 20 | 790 | —7.1| 93120] —4.81] 61 30 | 798 2.2] 63 | 31] 804 10.7 | 45 | 31 | 789 | —3.2 | 31 | 796 0.4 | 54/24] 704) —1.1] 49 
| 26) 73! 9.7 | 91129) 739] ~—6.5 | 62] 30| —0.1 58| 31] 757 8.8 | 36] 31] 741 | —5.4 | 52] 31 | —1.2]49/ 24] 746] —3.5 47 
| 22 | 685 12.4 | 88 | 29} —9.0} 63] 30| —2.6] 57] 31] 712 6.1 | 33 | 31 | 695 |’ 51 | 31 | —3.4] 46/24} 700| —5.7| 46 
18 | 600 18.8 84 | 608 | —14.2] 62 | 20/620] ~—8.0] 59/31] 630 0.4 | 27 | 31 | 610 | —13.2 50] 29 | 618 | —8.3 | 44/23] 616 | —10.8] 41 
saa | —26.0 | 82 | 27 532 | —20.2 | 63 | 20] 545 | —14.2/ 61] 381] 555 | —8.5 | 24] 31 | 534] —19.4 | 50 | 29 | 542 | —13.8] 43] 17] 541] —16.7} 40 
| | 455 | —33.7 70 | 27] 464 | —27.1 | 63 | 20 | 477 | —21.1 | 63 | 31 | 488 | —12.6 | 24 | 31 | —26.8 | 50 | 27 | 474 | —20.5 | 41 
7 | 398 | —40.6 125} 403 | —33.9 | 66 | 28 | 415 | —28.2 | 61 | 31) 427 | —19.4 25 | 31 | 405 | —34.4 | 50 | 26 | 414 | —28.0 39 
7 | 388 | ~46.6 23 | 340 | —40.4 |....| 27 | 360 | —36.4 | 58 | 31} 373 | —27.0 | 25 | 31 | 350 | —41.9 | 51 | 24 | 359 | —35.6 | 38 
7 | 200 | 21) 300 | —46.6 26 | 311 | —44.0 | 62] 31] 324 | —34.8 | 25 | 31 | 302 | —48.2 Say 
119 | 258 | —51.3 23 | 267 | —50.6 |....] 31. | 280 | —42.7 |....| 31 | 259 | —52.3 
16 | 221 | ~54.2 23 | 228 | —56.7 31 | 241 | —50.2 31 | 222 | —53.6 
116} 190] —55.2 21 | 195 | —60.1 31 | 206 | —57.2 31 | 190 | —53.9 19 | 196 | —57.0 
| 138 | 162] —56.1 | 20 | 166 | —60.0 31] 176 | —62.7 | 31 | 162 | —54.0 18 | 166 | 
12] 138 | —57.3 117} 141 | —60.6 30| 149 | —66.9 30 | 139 | —54.5 
| 9} 118 —58, 6 14 | 120 | —61.9 |....| 30 | 126 | —69.9 26 | 119 | —55.4 17 | 120 | —62.8 
7} 100 | —59.6 | 102 | —63.7 28} 106 | —71.1 21 | 102 | —55.7 14 | 101 | —63.3 
| 71 72| ~60.4 20} 76| —70.1 6| 74 | —55.7 6| 72 | —62.7 
| | | { | 
Stations and elevations in meters above sea level 
| Oakland, Calif. (2 m.) | outahome City, Okla. Oiaha, Nebr. Pearl Harbor, T. H.? Pensacola, Fla.? ‘. Phoenix, Ariz. St. Louis, Mo. 
| (391 m.) (301 'm.) (6m.) (24m!) (339 m.) (171 m.) 
8) 6 ts |g | is |g |g a is |g js a is 
31 11,020} 9.0 84 | 31 | 972 4.6 | 63 | 31 | 981 | ~—O.9 | 75 | 31 [1,015 | 20.4 85 | 30 [1,018] 12.2] 73 | 31 | 977 9.3 | 68 | 31 | 996 1.7.1°% 
jal | 941 | | 31 | 959 7.2 | 58 | 31 | 957 1.9 | 69 | 31 | 9501 19.5 | 76/30] 961 11.5 | 61 | 31 | 959} 13.7 | 63 | 31 | 956 2.9] 71 
31 | 905 | 8.9 | 65 | 31 | 908 8.0 | 47 | 31 | 899 2.6 | 58 | 31 | 905) 15.6 | 83] 30] 905 9.1 | 58 | 31/904] 14.8] 52/ 31 | 898 2.1 | 66 
mi el. RIT | 3! | 840 6.2 | 43 | 31 | 845 1.4 54} 31 | 854/126] 81/30] 852 8.0 | 48 | 31 | 852 12.1 | 47 | 31 | 844 0.8 | 60 
31) sol! 68 50 | 31 | 7 4.3 | 38 | 31 | 7094 | | 53] 31 | 804 13.2 | 51] 30] 802 6.6 | 38 | 31 | 802 9.4 | 45/31 | 794} —0.9]| 55 
31) 754 8.4 | 44) 31 | 75) 2.2 | 36 | 31 | 746) —2.6 53/31) 757 | 125/33] 30) 754 4.7 | 32 | 31 | 755 6.6 | 42) 31 | 745| —2.9] 51 
81 | 708 0.8 | 40) 31 705 | ~—0.4 35 | 31/7 —4.8 | 60} 31 | 713 | 10.5 | 21 | 30} 709 2.8 | 30 | 31 | 710 3.9} 40/31] 699! -—5.5] 50 
| | 825 ~§.0 | 39 | 31 | 622} —6.2 33 | 30 | 616 | —10.6 | 49 31 2 | 30} —2.5 | 30 | 30} —2.5 | 38 | 614] —11.2| 45 
131] 580 | 42] 90 | 546 | —12.7] 31 | 30 | 540 | —17.0 | 29 | 551] —8.6| 32/30} 552] —9.1 | 36 | 31 | 539 | —17.2] 43 
481 | | 40 | 20 | 479 | ~19.4 | 27 | 30 | 472 | —24.3 | 48 --| 20] 484] —15.5 | 35 | 30 | 484 | —16.7 | 34] 30 | 471 | —24.3] 44 
al 420 | —26.0 | 39 | 20 | 418 | —27.1 | 27 | 30 | 410 | —32.2 | 47 |---|... |e. ----| 29 | 423 | —22.1 | 37 | 30 | 423 | —24.5 | 33 | 30 | 409 | —31.9 | 44 
20 | 365 | ~34.1 | 39 | 27 | 363 | —34.7 | 27 | 30 | 355 | —40.0 | 47 |. ts 29 | 368 | —29.3 | 44 | 30 | 368 | —32.7 | 32 | 29 | 355 | —38.9] 44 
20 | 316 | —42.0 | 39 | 27 914 | —41.4 |....] 90 | 906 | —46.7 ..-| 29 | 319 | —36.7 45 | 30 | 318 | —40.6 | 32 | 28 | 306 | —45.6 
20 | 272 | —49.5 |....| 25 | 270 | —48.0 -| 20 | 276 | —44.0 29 | 274 | —48.3 27 | 263 | —51.3 |... 
29 | 243 | ~55.8 23 | 231 | —54.3 20 | 225 | —54.7 29 | 238 | —51.0 28 | 235 | —54.3 25 | 225 | —55.4 
ov} 100) —50.8 22 | 197 | —38.1 29} 203 | —56.6 28 | 201 | —58.1 |....| 22 | 192 | —57.0 |... 
20 | 169 | 22 | 168 | —59.1 -.| 26 | 173 | —60.2 27 | 171 | —61.0 |....| 20 | 165 | —57.7 |... 
20 | 144) —62.6 21 | 143 | —61.3 ...| 25 | 147 | —62.9 27 | 145 | —64.0 19 | 140 | —59.0 
192 | —66.1 18 | 121 | ~63.8 23 | 125 | —65.0 |....| 25 | 123 | —66.9 19 | 120 | ~60.7 
104 | —66.6 14 | 103 | —64.9 20 | 106 | —66.9 | 24 | 104 | —69.8 15 | 102 | —61.8 |_... 
88 | —66.7 | 10 | —64.9 ---| 14] 90 | —67.8 j....| 23 | 88 | —69.6 |_...| 10] 87 | —61.6 |_... 


See footnotes at end of table. 
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grade, and relative humidities in percent, obtained by 


Stations and elevations in meters above sea level 


San Antonio, Tex. San Diego, Calif.? 8. Ste. Marie, Mich. Spokane, Wash. Washington, D.C.’ 
(174 m.) (10 m.) (221 m.) (598 m.) (7 m.,) 
Altitude (meters) 
mean sea level Num- Num- Num- Num- Num- 
a T T =i T T T 
Pres- em- | ative Pres- em- | ative Pres- em- | ative Pres- em- | ative Pres- em- | ative 
ob- per- bu- ob- per- bu- ob- per- hu- ob- per- hu- ob- per- hu- 
ser- | UFC | sture | mid-| ser- | SV" | ature | mid- | ser- | "° | ature | mid-| ser- | ®° | ature | mid- | ser- | "* | ature | mid- 
va- ity va- ity va- ity va- ity va- ity 
tions tions tions tions tions 
31 999 10.7 75 29) 1,016; 123 80 31 983} —3.4 84 31 948 1.8 a9) 1,013 2.5 76 
31 961 14.3 66 29) 49958; 16.1 57 31 49, —4.7 27 953 L6 Ho 
31 906 12.5 58 29; 904) «15.0 48 31 890, —6.2 87 31 902 1.9 83) 27 897 0.2 67 
31 853| 10.6 55 20} 852) 12.9 41 31 835} —6.5 80 847 0.1 78) 7 842) —1.5 2 
31 803 8.9 48 29} +802) 10.6 35 31 784, —7.8 75 30| 795) —2.5 73! 7 790i} 61 
31 756 6.6 42 29 755, 8.0 31 31 734, —9.8 74! +747) 70) 27 741, —5.4 60 
31 711 4.0 40 29) 5.0 28 31 688} —12.2 72 29 7 —8.0 69) 27| 696) —7.6 58 
628} —1.6 39 27| 627) —2.0 26 31 603; —17.9 70 615) —12.9 62) 27 611} —12.4 59 
31 553}  —7.7 39 9 553} —9.2 32 31 527; —24.0 68 28; 639) —19.2) 62) 7 535) —18.3 57 
29) 486) —14.8 31 —31.1 65) 470 —25.6| 64! 26 468) —25.3 56 
30) 343) —44.7)....-.. 28 354) —39.7) 62) 23} —389.2 55 
22 158| —52.8)_..... 23; 164) —54.8| 8) 163) —58. 5|..... 


tArmy. Takeu ai 
3 Navy. 


Observations taken 


pproximately 2 a. m., 75th meridian time. 


Taken at 4 ». m., 75th meridian time, except San Diego, Calif., and Pearl Harbor, T. H., where they are made at dawn. 
at la. m., 75th meridian time. 


Number of observation refers to pressure only as temperature and humidity data arc missing for some observations at certain levels; also, the humidity data are not used in daily 
observations when the temperature is below —40.0 ° C. 
Noue of the means included in this table are based on less than 15 surface and 5 standard-level observations. 


LATE REPORT FOR FAIRBANKS, ALASKA, SEPTEMBER 1939 


Stations and elevations in meters 


Stations and elevations in meters 


above sea level above sea level 
| 
Altitude (meters) Fairbanks, Alasks (152 m.) Altitude (meters) Fairbanks, Alaska (152 m.) Altitude (meters) | 
m. 8. 1. m. 8. m. 1. 
Num- Rela- Num- Rela- 
ber of | Pres- | TE™ | ‘tive ber of | Pres- | Te™ | tive 
obser- | sure | PO | humid- obser- | sure aid humid- 
vations ity vations ity 
19 904, 4.6 74 19 694 —9.8 _ 
19 952 4.7 74 17 609 | —15.7 76 Se 
19 RO5 1.7 738 17 532 | —22.2 73 
19 R41 —1.5 81 16 464 | —20.3 
19 790 —4.4 15 402 | —36.7 
19 740; —7.1 80 14 348 | —43.7 
12 200 | —49.1 |........ 


Stations and elevations in meters 
above sea leve 


Fairbanks, Alaska (152 m.) 


Num- Tem- | 
ber of | Pres- 
obser- | sure | POt® | humid- 
vations ity 
12 257 | —52.7 |.......- 
ll 220 | —52.9 |........ 
9 188 | —52.6 |.......- 
8 161 | —53.0 |........ 
138 | —83.3 |........ 
7 117 | —58.8 |........ 
6 100 | —53.8 |........ 


208641—40-———3 


j 
| 
8u 
500} 
1,04 
1, 
2, 
4 
| 
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Taste 1.—Mean free-air barometric pressure in millibars, temperature in degrees Centigrade, and relative humidities in percent, obtained by 
airplanes and radiosondes during December 1939—Continued 


LATE REPORT FOR SAN ANTONIO, TEX., FOR AUGUST, SEPTEMBER AND OCTOBER 1939 


Stations and elevations in meters above sea level 


August (174 m.) September (174 m.) October (174 m.) 
Altitude (meters) mean sea level 
Number Relative | Number Relative | Number Relative 
of obser- | Pressure —— hu- | of obser- | Pressure hu- of obser- | Pressure hu- 
vations midity | vations midity | vations midity 
31 904 24,2 85 29 995 22.7 31 998 18.8 71 
31 958 23.5 82 20 959 22.4 78 31 960 19.9 68 
31 905 22.5 70 29 905 20. 5 31 906 17.9 61 
1,500 ire " 31 855 19.7 67 29 854 18,2 65 31 855 15.5 60 
2,000 ind 31 806 16.8 68 29 805 15.2 f4 31 805 13.5 53 
2,40 ‘ . 31 760 13.9 67 29 759 12.7 62 31 759 11.0 51 
i cdsoossendeusdas otdbenkencedasenoeienmniaiaadl 31 716 11.0 65 2 715 9.9 60 31 714 8.6 51 
4,000 ais ’ 30 635 5.3 64 23 633 4.7 53 31 632 3.4 50 
jaan 30 561 —0.3 63 28 560 —0.7 50 31 2.1 47 
res 30 495 —5.8 59 27 494 —6.6 41 31 492 —8.4 43 
7,000 20 435 —12.4 56 27 434 —13.1 36 31 431 —15.2 40 
8,900 20 380 —19.1 51 27 379 35 31 378 —22.1 38 
9.000 - 29 332 — 26.5 48 26 330 —27.8 34 31 328 —29.6 37 
29 289 —34.0 48 26 286 —35.5 33 31 285 —36.9 36 
12,000 26 215 —49.3 |. ......... 26 212 30 211 
14,000 25 184 26 182 29 181 
24 133 26 131 28 131 
17,000 23 95 26 93 26 4 
19,000 16 68 21 66 16 67 
21,000 1! 49 6 47 10 47 
LATE REPORT SWAN ISLAND, WEST INDIES, AUGUST 1939 
Swan Island, West Indies (10 m ) Swan Island, West Indies (10 m.) Swan Island, West Indies (10 m.) 
Altitude (meters) Altitude (meters) " Altitude (meters) 
mean sea level Pres. | Tem- mean sea level Pres. | Tem- mean sea level Pres. | Tem- 
obser- | sure 4 humid- obser- | sure ie humid- obser- | sure = humid- 
vations ity vations ity vation: ity 
Surface. ...... 31 1,010 26.7 85 31 490 —9.2 4y 31 129 | —71.8 
mw ai 057 22.5 RS 31 430 | —15.2 47 31 109 | —73.9 
1,000 $1 4 19.4 82 $1 376 | —21.7 46 30 92 | —73.8 
1,500 a1 853 16.5 75 31 328 | —28.9 45 26 78 | —72.5 
2,000 a1 ROS 13.8 68 31 284 | —36.6 45 25 65 | —70.5 
2,500 a1 757 10.9 63 31 246 | —44.6 | 22 55 | —68.2 
3,000 é al 713 8.2 56 31 211 | ~—52.6 j........ 9 46 | —66.5 
4,000 31 631 2.7 52 31 180 | —60.5 |..-...-.. 7 39 | —65.0 
5,000 31 557 —-3.3 51 31 163 | —67.4 |..-..... 
| 
Tasie 2.—Free-air resultant winds based on pilot-balloon observations made near 5 p. m. (E. S. T.) during December 1939 
[Directions given in degrees from north (N=360°, E=90°, 8=180°, W =270°)—Velocities in meters per second (superior figures indicate number of observations)]} 
Abilene, |} A!buauer- | Atlanta, || Billings, Boise, || New York,|| Browns- || Buffalo, |} Burling- || Charles: || Cheyenne, || Chicago, || Cincin- 
‘Tex. no Mox Ga. Mont. Idaho N.Y. || ville, Tex. || N. Y. ton, Vt. || ton, 8. C. yo. tl. nati, Ohio 
Altitude (587 m.) (1,554 m.) (302 m.) (1,005 m.) (850 m.) (15 m.) (7 m.) (220 m.) (132 m.) (18 m.) (1,878 m.) (192 m.) (157 m.) 
8. 
Di- | Ve- || Di- | Ve- || Di- | Ve- |} Di- | Ve- || Di- | Ve- || Di- | Ve- |} Di- | Ve- |} Di- | Ve- || Di- | Ve- || Di- | Ve- || Di- | Ve- || Di- | Ve- ||} Di- | Ve- 
rec- | loo || ree- | loe- || ree- | loo- |} rec- | loo- || ree- | loc- || rec- | loc- || rec- | loc- || rec- | loc- || rec- | loc- || ree- | loc- || rec- | loc || rec- | loc- || rec- | loc- 
tion | ity || tion | ity || tion | ity || tion | ity || tion | ity || tion | ity || tion | ity || tion | ity || tion | ity || tion | ity || tion | ity || tion | ity || tion | ity 
° @ ° ° ° ° ° ° 
Surface 2.5), 300%) 0, 272 250%) 19327) 207%) 5.6/) 122%) 2.8)) 253% 4.0)) 264% 2543!) 1.9)) 2819) 6.5]; 2709 250%) 28 
§ 277% 4.6) 20477) 1499) 251%) 263% 4.1)) 2568) 4.7); 276%) 65 2); 25231) 5.7 
1,000... 8.0 1507] 1.6]) 287%) 9. 215%) 2.0]; 2619 276% 2502) 290%} 250%) 7.6 
1,600 29277) 4, 28877} 8.2); 267%) 15427) 2039) 11.0 2774) 28313) 26097) 11. -----}} 206%) 282%) 9.7 
2,000 200%] 6 1)| 306" 294%] 10.9]| 27698 211%) 2.8]| 2079) 12.7|] 28393) 4.4// 20310) 267%| 13.3|| 281%) 20718 12.3)| 286%) 13.0 
2,400 200") 4. 6) 813") 201%) 12.6 278 10.9)| 239%) 6.1)) 20517) 9.4 26872; 291%) 9,8); 13.9 
9,000. .... 283%) 307%) 8 201%) 14.3) 284%) 11. 245%) 2800 277%) 5. 27016) 208%) 10.4)} 14.9)/ 31919 16.1 


* 

2 
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TaBLE 2.—Free-air resultant winds based on pilot-balloon observations made near 5 p.m. (E. S. T.) during December 1939—-Continued 


MONTHLY WEATHER REVIEW 


EI Paso. Greens- Havre, Houston Huron. Las Vegas, Little Medford, 
Te. - 4 Mont. Tex. | 8. Dak. Nev. : 
sheet (1,196 m.) (283 m.) (271 m.) (766 m.) (21 m.) (393 m.) (570 m.) 01 = ) (410 m.) 
(meters) a a 
Surface... 3178 2.3); 252%) 2. 256) 3.9); 2467) 1.4) 3067!) 3.7 874) 0.7]| 2239) 1.3]| 94929 0.4 24 21 
SE 251% 230% 2. 30641} 2363" 16” 0. 4| 3.9 2.2 
8.5 252% 8.4); 282%) 4.0) 305% 6.6 5121) 24098) 6.3); 155%) 1.7) 5. 5)) 4.0 
1.1 0.2); 281%) 9. 267%) 11.9); 28877) 5.7) 312%) 10.0 1.2)| 276% 20418 | &0 6.0 
271%) 2.4 1. 292%) 13. 273%) 12.1|| 28624 7.1) 313) 10.9); 270%) 1. 200%) 10.2); 5.3 | 10.4 7.7 
4.3 3.1); 2867) 15. 280%) 13.1); 282%) 7.9) 315%) 13.0)| 20879) 11.4); 22813) 7.0 11.9 8.4 
3,000........ 202%) 5.3 3.8); 289!% 17. 28322) 12.1); 2809) 8.5) 31227) 15.3)) 267%) 4.0)} 2049) 7.2 14.7 9.9 
4,000........ 205% 7.1 6.3); 286'*) 22. 10.2); 280%) 11.1) 305%) 2799) 6.8)! 207%8 9.3 18. 5 
20278) 2031*) 25. 28910] 15. 2822) 12.2) 3072] 22.3]) 2820 30418) 21.8 
2008} 30. 281%) 13.7; 306% 287% > 205'9| 16. ......]..... 
3053] 6. 2005) 35. 15.2) 311") 27 288%) 12 
Oakland, || Okiahoma || Omaha, no, || St. Louls, || Salt Lake || San San Juan, || Sault Ste | 
Calif. (8 || City, Okla.|| Nebr. (306 || Nev. (1,346 || Mo. City, Utah || Calif. P. R. (16 | Mich. (198 
Altitude m.) .) m.) m.) m. (1,294 m.) ™m.) m.) | m.) 
(meters) } 
m.8. 1. 
Di- | Vi Ve- || Di- | Ve- || Di- | Ve- || Di- | Ve- |} Di- | Ve- |} Di- Di- | Ve- || Di- | Ve- 
rec- | loci- loci- || rec- | loci-|| ree- | loci-|| ree- | loci-|| ree- | loci-|| rec- rec- | loci-|| ree- | loci 
tion | ty ty || tion | ty || tion | ty || tion | ty || tion | ty || tion tion | ty || tion | ty 
Surface.....| 218) 1.6 2.2); 29678) 2.2); 151%) 1.1]) 276% 2372 283%) 3.6 8451; 316% 
219" 0.3 2 =  _ 305"; 2.8 6.4|| 307% 
251% 2.9 30525) 1638!) 1.1)| 2972 8} 2157) 1.5); 359%) 0.8); 118) 4.0)! 33313) 1 | 
27672) 3.5 7.5); 3007! 8.6); 190%) 2.8) 2088 | 1); 2137) 3379) 1.1!) 115%) 3.4/) 333!) 1 0.8 
2,500_.......| 26671) 4.3 8.3); 20022) 11.3); 22081) 4.3); 202) 11.4) 2342) 318 2. 0| 10877) 331%) 1 2.9 
4.7 9.8}; 3037!) 13.1]; 25899) 207%) 13.6); 25077) 4.5!) 316%) 3. 0) 3.9 
7.8 12.4}; 310'*) 17.4]; 264%) 11.0)) 14.5 287%) 8.7); 302%) 42 6.6 
2881) 7.7 13.3}; 3308) 20.3]; 2819) 12. | 12.7); 302%) 4.2); 120%) 7.6 
14.3}; 21.7]; 278!7) 12.6 26579) 3.8]; 308!2) 9.6 
TaBLE 3.—Mazimum free-air velocity, (M. P. 8.), for different sections of the United States based on pilot balloon observations during 
December 1939 
Surface to 2,500 meters (m. s. 1.) Between 2,500 and 5,000 meters (o. s. 1.) Above 5,000 meters (m. s. 1.) 
oS of 
Section £ > 
: 
e 
Northeast !__........ 51.6 | WNW-..| 2,360 | 31 | Harrisburg, Pa_....- 54.6 | WNW_.| 3,880} 9 | Hartford, Conn.....| 45.0 5,650 | 24 
East-Central #__..... 56.6 | 2,480 | 31 | Richmond, Va_.....| 52.9 | WNW-. | 5,000 | 31 | Knoxville, Tenn....| 76.0 9,400 
Southeast #__.___...- 37.4 | WNW-..| 2,500 | 21 | Spartanburg, 8. C_..| 43.5 ....---| 4,980 | 20 | Atlanta, Ga_.......- 58.5 13, 900 | 31 
North-Central 40.0 | WNW_.j 1,990 | 16 | Fargo, N. Dak___... 54.4 | NW__.._| 4,260 Milwaukee, Wis_...| 75.0 10,080 | 13 
Central §............| 35.6 | NNW_..j 1, 280 Kansas City, Mo__.| 46.0 | W_..._-- 3, 040 Indianapolis, Ind_..| 87.5 11,960 | 22 Jebr. 
South-Central eres 32.1 | WNW../ 2,070 | 23 | Abilene, Tex........| 42.0 | NNW-...| 4,270; 2 oo City, | 62.0 .| 11,770 | 21 | Oklahoma City, Okla. 
Northwest 39.0 | W_....-- 1, 570 Havre, Mont.......- 46.4 | WNW..| 3,380 | 11 | Havre, Mont_....... 50.0 9,440) 1 
West-Central ®___._- 39.6 | SSW__._| 2,440 | 10 | Sacramento, Calif...| 61.8 | WSW-...| 4,210 | 16 | Redding, Calif..._.. 73.6 10, 200 | 26 
Southwest *_.......- 30.9 W..| 2,190 | 23 | El Paso, Caste 47.0 | NNW...| 4,880 | 20 AMsaserese, N. | 60.4 9,980 | 22 
ex. 


1 Maine, Vermont, New Hampshire, Massachusetts, Rhode Island, Connecticut, New York, New Ver fF — and northern Ohio. 


1 Dela " Maryland, Virginia, West Virginia, southern Ohio, Kentucky, eastern Tennessee, and North O 


? South Carolina, Georgia Florida, and Alabama. 
4 Michigan, Wisconsin, 


innesota, North Dakota, and J aaa Dakota. 


§ Indiana, Illinois, Iowa, Nebraska, Kansas, and Misso 
4 Mississippi, Arkansas, Louisiana, Oklahoma, Texas ( ol E] Paso), and western Tennessee. 
7 Montana, Idaho, Washin 
5 Wyoming, Colorado, 
* Southern California, sou 


,and Oregon. 


northern Nevada, and northern California 


Nevada, Arizona, New Mexico, and extreme west Texas. 


al 
. 
‘ 
| 
» 
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Tasty 4.—Mean altitude and temperatures of significant points identifiable as tropopauses during Deeember 1939, classified according to the 
potential temperatures (10-degree intervals between 290° and 409° A.) with which they are identified. (Based on radiosonde observations) 


Alera, Atlanta, Ga. Billings, Mont. | Bismarck, N. Dak. Boise, Idaho Buffalo, N. Y. | Charleston, 8. C. 
— Mean) Mean | Mean| Mean Mean| Mean Mean | Mean Mean| Mean Mean} Mean Mean | Mean 
wee, Num-| alti- | tem- |Num-| alti- | tem- |Num-| alti- tem- |Num-| alti- | tem- |Num-| alti- | tem- |Num-| alti- | tem- |Num-) alti- | tem- 
ber of tude | pera- |ber of, tude | pera- tude | pera- jber of} tude | pera- of} tude | pera- jber of} tude | pera- |ber tude | pera- 
cases \(km.) | ture | cases| (km.)| ture | cases|(km.)| ture | cases| (km.)| ture | cases|(km.)| ture | cases|(km.)/| ture | cases| (km.)| ture 
°O, m.6.1.j °C, m.s.1.j °C, m.6.}.; °C, m.s8.1.} °C, °C, 
200-300 1} 8.0] —46.0 |...... s 7.8 | —47.2 14 7.9 | —48.0 3 7.9 | —46.7 18 7.4 | —43.6 2 9.3 | —53.5 
210-319 7 8.7 | —47.6 9 9.1 | —48.2 13 9.0 | —48.1 2 9.4 | —54.6 11 9.0 | —48.9 22 9.0 | —51.1 7 8.8 | —45.0 
320-320 19 | 10.3 | —82.1 21 10.3 | —53.7 23) 10.5 | —5.3 ll 10.3 | —56.2 17| 10.5) —56.1 17; 10.3 | —56.7 10}; 10.2| —61.4 
330-2339 17} 11.6) ~—58.4 18; 11.6) 11.5 | 6; 11.3 | —657.2 16} 11.7) —60.5 6; 11.1] —56.5 14; —59.9 
340-349 12.7| —62.9 9 12.7| —64.3 2) 12.4] —63.5 2); 12.0) —58.0 12.8) —64.8 11.8] —56.7 12.7) —63.2 
30-300 6 14.7 | ~—60.5 7 14.1 | —67.0 2 13.4 | —59.5 1 2; 14.5 | —68.5 
370-370 4 15.0 | —67.5 4 15.1 | —68.5 1 15.2 | —68.0 1 15.0 | —68.0 14.0 | —61.0 14.9 | —66.7 
300-500 10 16.5 | ~70.7 7 16.0 | ~—67.6 4 3 15.5 | —64.3 14.8 | —58.5 4 16.0 | —68.8 
400-400 3] 16.5] —68.0 4 16.3 | —66.2 Sh 1] 163] —63.0 15.5] —60.0 16.6) —67.0 
Weighted means.... 12.5 | —60.1 12.5 | —60,5 }..-... 10.4 | —53.8 9.6 | —53.4 j...... 10.8 | —56.1 |...-.. 9.5 | —51.5 12.3 | —58.4 
Mean potential tem- 
perature °A, 
(weighted) ........ 348.1 348. 3 322. 5 318.8 329.5 322.3 342.6 
Denver, Colo. F] Paso, Tex. Ely, Nev. Fairbanks, Alaska Joliet, Til. Lakehurst, N. J. Medford, Oreg. 
| 
Potential tem- Mean | Mean | Mean | Mean Mean| Mean Mean; Mean Mean | Mean Mean | Mean Mean | Mean 
peratures, °A, |Num-| alti- | tem- |Num-| alti- | tem- |Num-| alti- | tem- |Num-| alti- | tem- [Num-| alti- | tem- ‘Num-| alti- | tem- |Num-| alti- | tem- 
berof| tude | pera- | berof| tude | pera- | berof| tude | pera- | berof| tude | pera- | berof) tude | pera- | berof; tude | pera- | berof) tude | pera- 
cages | (krn.) | ture | cases|(km.)| ture | cases|(km.)| ture | cases; (km.)| ture | cases|(km.)/| ture |cases|(km.)| ture | cases| (km.)/ ture 
m. 8.1, | °C, °C. m.s.1.| °C, m.s.1.} °C, °C. °C, m.s.1.} °C, 
200-309 sien 1 7.0 | ~39.0 1 8.6, —50.0 9 7.2| —40.0 33 8.3 | —55.5 a 7.1 | —40.9 6 7.1 | —41.0 4 7.5 | —43.2 
310-319 16 9.0 | —48.5 8 8.2 | —39.2 12 8.3 | —40.8 15 9.1 | —54.9 16 9.0 | —49.1 13 9.0 | —50.5 x 8.7 | —46.0 
420-320 27 10.3 | —53.6 14 10.1 | —50.4 27 10.4 | —54.0 6 9.6 | —53.8 15 10.3 | —55.2 5} 10.2] —54.4 15| 10.6) —56.4 
490-330 14 11.6 | —-#.1 19 11.5 | —857.5 17 11.6 | —59.1 3 10.6 | —56.0 6 10.8 | —55.8 4 11.0 | —57.0 10 11.7 | —60.6 
349 4 12.6} —62.2 12 12.6 | —61.3 7 3 11.9 | —57.3 1 11.1 | —54.0 5 12.6 | —61.5 
350-350 1 14.1 | —68.0 5 14.3 | —70.0 3 1 13.5 | —64.0 1 13.3 | —62.0 1 12.4 | —57.0 
370-379 1 15.2) —71.0 10 15.4 | —70.8 7 1 2] 140] 
4 15.6 | —64.5 6} 16.4) —70.5 4 1 15.3 | —61.0 5 | 16.1] —67.4 
2 16.0 | —63.0 1 16.7 | —71.0 1 A on 1 16.2 | —63.0 
Weighted means....|...... 11.2 | —85.9 |...... 12.9 | —61.5 11.3 | |...... 8.1 | —52.7 |...... 9.7 | —51.6 |.-.... 9.7 | —52.0 |...... 11.5 | —56.9 
Mean potential) tem- 
perature °“°A, 
(weighted) ........ 335.2 353.2 337.3 305.6 322.9 321.3 338.1 
| Miami, Fla. Minneapolis, Minn. Neshbville, ‘Tenn. Oakland, Calif. Oklahoma, Okla. Omaha, Nebr. Pensacola, Fla. 
Potential Mean Mean | Mean Mean Mean Mean Mean | Mean 
temperatures, ° A. |Num-| slti- |, [Nam-| alti- |, [Num-| alti- |, Met? alti- |, |um-| alti- |, aiti- |, Mea" |Num-| aiti- | tem- 
ber of| tude |“ rate “Iber of| tude | of| tude ra ber of} tude ber of] tude ber of} tude ber of} tude | pera- 
oases | (kem.) | | cases | (kim.)| “OS® | cases | (km.)} | cases | (km.)| cases | (km.)| | cases | (km.)| | cases | (km.)| ture 
m. 1 m. 8. m. s. 1. m. m.s. 1}. m.s. 1. 
310-319 =) 21 8.0 | —40.7 8.8 | —45,3 10 9.4 | —51.7 7 8.6 | —46.7 22 
420-320 hare it) 10.0 | —47.6 21 10.1 | —83.5 15 9.9 | —49.4 21 10.4 | —53.7 12! 10.7 | —56.8 18 10.0 | —51.8 4 9.1 | —42.0 
480-339 18 10.9 | —56.8 7 11.2) —59.0 13 1.0) —54.8 22 11.8 | —60.8 16 11.5 | —57.6 14 11.3 | —57.9 15 11.0] —52.9 
40-340 12.8 | —61.9 3 12.1 | —60.0 5 12.4 | —60.2 7 12.4 | —60.9 6 12.2 | —58.8 5 12.4 | —61L8 10 12.4 | —60.0 
350-3590 . 16 13.9 | —67.4 2 12.6 | —58.0 3 13.2 | —63.7 4 13.3 | —64.0 2 13.1 | —58.0 1 13.2 | —62.0 6 13.1 | —60.8 
200-809 10 14.7 | —60.5 2) 13.4] —60.0 3; 14.3 | —66.0 14.4) —68.0 5} 14.5 | —68.2 1 13.6 | —61.0 
870-370 aS 8 15.6 | ~71.6 }....-.].. einai q 14.8 | —66.5 5| 14.8 | —66.6 2 14.8 | —64.5 1 14.2 | —62.0 1 14.4 | —63.0 
ASO. 3RW ; a s 15.9 | —70.6 1 14.5 | —57.0 4 14.8 | —50.8 7 15.6 | —70.1 4 15.5 | —66.5 2 15.0 | —64.0 2 16.2 | —73.0 
200-200 5 16.6 | —71.8 4 14.8 | —56.8 eS SE: 5 16.0 | —68.4 3 16.1 | —69.0 2 16.3 | —67.9 1 16.7 | —69.0 
100-409 3 17.4 | —73.7 1 15.7 | —60.0 2 16.4 | —67.0 7 16.5 | —66.3 2; 16.5] —65.0 3 
Weighted means. ...}..... 18.1 | —62. 4 }...... 9.9 | —61.9 11.2 | 12.3 | —50.9 12.1} —58.5 |...... 10.4 | —53.3 12.0} —56.5 
Mean potential tem- 
yerature ° A, 
woighted) ........ 347.3 326. 6 339. 0 347.4 344.0 329. 5 343.4 
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TaBLE 4.—Mean altitudes and temperatures of significant points identifiable as tropopauses during December 1939, classified according to the 


otential temperatures (10-degree intervals 


ween 290° and 409° A.) with which they are identified. 


(Based on radiosonde observations }— 


ontinued 
Phoenix, Ariz. St. Louis, Mo. San Antonio, Tex. Sault Ste. Marie, Mich. | Spokane, Wash. 
Potential temperatures, °A. Mean | Mean | Mean | Mean | w Mean | Mean | | Mean | Mean ; | Mean | Mean 
™. ature (km ature m.) | ature m. ature | (km.) | ature 
cases | m.s. °C, | ims.) °O. | °C. | m.s.).! °C. cases jm. 8. 1, °C, 
1 7.7 | —44.0 6 7.9 | —49.2 20 7.9 | —48.6 7.2 —41.4 
7 9.1 | —48.0 13 9.1 | —50.2 2 8.0 | —338.5 22 9.2) —53.4 18 9.0 ~40.4 
19 10.2 | —61.5 17 10.3 | 10 10.0 | —49.9 15 10.2 | —56.1 26 10.4 —55.1 
18 11.2 | —55.3 10 11.7 | —60.5 20 11.1 | —&3.4 6 11.2 | —59.5 11.1 —56.8 
10 12.5 | —60.1 6 11.7 | —56.5 14 12.5 | —59.9 2 11.0) —53.5 1 12.3 —63.0 
2 15.4 | —70.5 3 14.7 | —66.3 7 15.3 | —68.6 ‘ 3 14,2 —63.3 
208 10 16.1 | —72.6 2 14.4 | —60.0 10 15.7 | —68.3 1 
3 16.9 | —71.3 6 15.9 | —62.7 7 1 14.2 — 4.0 
12.5 | ~—59.8 |........ 11.0 | —56.3 |........ 13.0 —60.2 }........ 9.0 | —51.8 }.....-..- 9.8 
Mean potential temperature °A. (weighted)........ 347.5 336.1 355.0 315.0 323.2 
LATE REPORTS FOR SAN ANTONIO, TEX. 
July 1939 Aug. 1939 | Sept. 1939 Oct. 1939 
Potential temperatures, °A. Mean al- Mean al- Mean al- Mean al- 
Number titude Number | titude Number | titude R— Number | titude | , 
of cases by ature °C of cases Gn. ature °C of cases hogy | ature °C of cases hwy | ature °O. 
11.2 —49.0 1 10.4 —41.0 10 11.0 —49. 6 
3 11.4 —46.0 6 12.3 —53.3 8 11.9 —53.4 14 12.1 
ll 13.7 —62.0 12 13.8 —64.3 17 13.6 —62.1 13.9 —64. 
10 14.8 —66.3 16 14.9 —66.1 12 14.7 —67.3 ll 14.6 —66.4 
14 15.6 —68.4 & 15.6 —69. 1 15.5 —70.3 16 15.6 5 
ll 16.4 —70.9 15 16.3 —70.9 12 16.0 —70.9 7 16.2 —70.8 
6 17.1 —72.5 4 17.1 —72.0 5 16.9 —72.4 5 17.1 —72.8 
4 17.6 —70.2 17.3 —70.3 7 17.4 —72.0 3 17.2 —72.0 
Mean potential temperature °A. (weighted) ........- 372.9 869. 3 368. 9 361.5 


AEROLOGICAL OBSERVATIONS FOR THE YEAR 1939 


{Aerological Division, D. M. Lirt.e in charge] 


By B. Francis 


An increase in the use of radiosondes for obtaining obser- 
vations of pressure, temperature and humidity in the upper 
air was one of the outstanding features of the aerological 
work of the Weather Bureau during 1939. At the close 
of the year radiosonde observations were being made 
daily at 25 stations of the Weather Bureau, 3 of the United 
States Navy, and 1 ofthe Army. Airplane meteorological 
flights were conducted by the Navy at 6 stations. Valuable 
radiosonde data were obtained during the 1939 hurricane 
season at San Juan, P. R., and Swan Island. Special ob- 
servations were also made by radiosonde at Boston, 
Mass., and St. Georges, Bermuda, under the direction of 
the Massachusetts Institute of Technology, and by the 
United States Coast Guard when on duty at Halifax, 
Nova Scotia, and at sea in a patrol area extending from 
latitudes 40° to 44° N. and longitudes 47° to 53° W. 
Mean pressures, temperatures and humidities, computed 
from the above data, have been published regularly in the 
WeaTHER REVIEW. 

Pilot-balloon observations of wind directions and ve- 
locities were being made 4 times daily at 98 Weather 
Bureau stations in the United States proper, at 4 in 
Alaska, and 1 in Puerto Rico. All of the above stations, 
with the exception of 2 in Alaska, substituted helium gas 
for hydrogen on July 1, 1939. A selected group of 27 
stations, where afternoon visibilities were unusually 
favorable, have been using 100-gram pilot balloons for 


the 5 p. m., 75th meridian time, observations. This was 
an increase of 12 stations over those in operation at the 
beginning of the year. During 1939 pilot-balloon obser- 
vations formerly made at Cleveland were transferred to 
Akron, Ohio; Vicksburg to Jackson, Miss.; Fort Worth 
to Dallas, Tex.; and Floyd Bennett Field to the New 
York City airport. New pilot-balloon stations were 
opened during 1939 at Birmingham, Ala.; Butte, Mont.; 
Camden, N.J.; Des Moines, Iowa; Elkins, W. Va.; Elmira, 
N. Y.; Hartford, Conn.; Little Rock, Ark.; Louisville, 
Ky.; Milwaukee, Wis.; Mobile, Ala.; Pueblo, Colo.; 
Rapid City, S. Dak.; San Antonio, Tex.; Springfield, 
Mo.; and Toledo, Ohio. 

A monthly series of flights by sounding balloons carry- 
ing recording meteorographs, checked by two theodolite 
observations, was conducted at Omaha, Nebr., during 
the month of April in accordance with the international 
program. 

The work of reducing all existing Weather Bureau pilot- 
balloon observations to punch cards was completed by the 
Works Progress Administration at its special cooperative 
Weather Bureau project in New Orleans, La. At the 
close of the year approximately one million individual 
flights had been reduced to cards, and the data are being 
summarized and combined in quickly available forms. 

In the upper air, at 1.5, 3, 4, and 5 kilometers, where 
observations were made both by airplanes and radiosondes, 


? 
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the lowest annual mean barometric pressure in the 
United States prevailed throughout the year over Sault 
Ste. Marie, Mich. This also occurred at all higher levels. 
Highest pressure occurred generally throughout the South, 
but particularly over Pensacola and Miami, Fla. These 
annual means are shown in table 1. 

Mean relative humidity was highest over Sault Ste. 
Marie, Mich., at all levels; and lowest over El Paso, Tex., 
up to 2.5 kilometers; over San Diego, Calif., to 5 kilo- 
meters; and over Oakland, Calif., up to 7 kilometers. 

The lowest annual mean temperatures for the year were 
recorded over Sault Ste. Marie, Mich., at 1.5, 3, 4, and 5 
kilometers, while the highest were over El Paso, Tex., at 
1.5 and 3 kilometers, and Pensacola, Fla., at 4 and 5 kilo- 
meters. In the levels above 5 kilometers, Sault Ste. 
Marine, Mich., continued to be the coldest station up to 11 
kilometers, then Nashville, Tenn., became colder at all 
subsequent levels. Sault Ste. Marie, Mich., which was the 
coldest below 11 kilometers, became the warmest above 12 
kilometers. The lowest annual mean temperature for 
1939 was —65.7° C. over Nashville, Tenn., at 17 
kilometers. 

At stations having one year of radiosonde records it 
was found that the individual minimum temperatures 
noted in the higher levels occurred during different months. 
However, many low temperatures of interest were ob- 
served over several of the newer radiosonde stations. The 
lowest individual minimum temperatures recorded b 
radiosonde were —85.1° C. in October and —83.3° C. 
in August over Swan Island. Other extremely low temper- 
tures occurred in October over San Juan, P. R. (—81.3° C.) 
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(—80.6° C.), and Charleston, S. C. 
—80.5 
With the expansion of radiosonde activities it has been 


ssible to make a comprehensive survey of the upper-air 
evels at which mean freezing temperatures (0° C.) 
occurred during 1939. This level reached its maximum 
altitude during the summer (July) sloping upward from 
3,550 meters at Seattle, Wash., to 5,140 meters over 
San Antonio, Tex., and 5,120 meters over Pensacola, 
Fla. During winter (January) freezing temperatures or 
lower occurred at the surface at most northern stations, 
but in the South (Pensacola, Fla.) the monthly mean 
freezing level was located at 3,440 meters. A compilation 
of these monthly levels for all stations is shown in table 4. 

During each month of the year resultant wind directions 
and velocities were computed for all stations in the United 
States at 1.5 and 3 kilometers (5 a. m.), and 4 and 5 
kilometers (5 p. m.). These have been shown on charts 
which were published monthly. In addition, monthly 
wind resultants (based on 5 p. m., 75th meridian time 
observations) have been computed and published for all 
levels at 39 stations. 

An annual summary of the 5 p. m. winds is shown in 
table 2. Individual maximum velocities reported for the 
different sections of the country during the year are shown 
in table 3. In several instances these have been very 
high, and a velocity of 95.5 meters per second (214 miles 
per hour) recorded at 8.4 kilometers over Albuquerque, 

. Mex., on the 14th of January, was the highest ever 
obtained by pilot balloons in the upper air. 


Taste 1.-—-Mean free-air barometric pressure in millibars, temperature in degrees Centigrade, and relative humidities in percent, obtained 
by airplanes and radiosondes during year 1939 


Stations and elevations in meters above sea level 
Billings, Mont, E) Paso, Tex Lakeburst, N. J. Nashville, Tenn. Norfolk, Va.! Oakland, Calif. Oklahoma City, Okla. 
(1,089 m.) (1,198 m.) (39 m.) (180 m.) (10 m.) (2 m.) (391 m.) 
Altitude |. 

Surface. _....| 361 | 801 6.8 | 60 | 364 | 882 | 13.8 | 47 | 318 /1,013 | 8.7 | 80 [363 | 996 12.4 | 80 {270 {1,019 13.3 | 82 |363 |1, 017 10.9 | 84 |361 | 970 12.8} 70 
315 | 957 9.5 | 68 |263 | 959 13.5 | 71 |270 | 961 13.9 | 64 (362 | 959 11.9 | 74 | 957 13.9 66 
902 7.6 | 65 (863 | 904 11.6 | 69 | 906 11.4 | 60 | 903 13.2 | 56 |360 | 903 14.2 | 6&7 
361 | 848 8.7 | 62 | 364 | 85) | 15.9 | 42 | 309 | 848 5,7 | 63 |363 | 851 9.3 | 66 853 8.9 | 59 851 11.5 | 48 | 851 12.2 
2,000 300 | 708 6.0 | 52 | 364 | 802 | 13.2 | 40 | 306 798 3.6 | 61 [363 | 801 7.1 | 63 |269 | 803 6.6 | 56 |363 801 9.1 | 43 [361 | 801 9.7 fl 
ee 359 | 750 2.8 | 63 | 364) 7 10.1 | 40 | 308 750 1.3 | 60 |363 | 7, 4.8 | 59 [269 755 4.1 | 53 |363 754 6.4 | 41 (361 | 754 7.0 50 
J. 358 | 705 —0.7 | 65 | 363 | 711 6.6 | 41 | 301 705 |—1.2 | 57 |3590 | 708 2.4 | 56 |268 710 1.4 | 50 |363 709 3.5 | 39 |361 | 709 4.2 48 
eS 358 | 621 ~—7.4 | 57 | 350 | 628 |—0.3 | 43 | 290 621 |—6.4 | 54 (355 | 626 —2.9 | 51 |263 626 —4.2 | 44 [360 626 —2.6 | 37 |358 | 626 —1.8 46 
4,000 364 | 546 | —14.2 | 56 | 356 | 554 |—7.2 | 43 |.....}.-.--. .--.|..-- 883 | 551 —8.8 | 48 202 551 | —10.6 | 41 |360 551 —9.0 | 37 [355 | 552 —8.1 43 
4,000. | 483 | —14.9 | 46 484 | —15.8 | 35 (353 | 484 | —14.7 40 
9,000 7 | 320 | —85.9 |_.-- .)345 319 | —38.2 | 33 (338 | 320 | —35.8 |.... 
12,000. ..1814 | 906 | ~85.0 .. 821 202 | —56.3 |. 311 | 204 | —54.6 
(804 | 174 | ~58.7 ..1314 173 | —58.7 296 | 174 | —58.2 


See footnotes at end of table. 


te 
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TaBLE 1.—Mean free-air barometric pressure in millibars, temperature in degrees Centigrade, and relative humidites in percent, obtained 
by airplanes and radiosondes during year 1939—Continued 


Stations and elevations in meters above sea level 
| 
Omaha, Nebr. Pearl Harbor, T. H. Pensacola, Fla. San Diego, Calif. 8. Ste. Marie, Mich. Spokane, Wash. | Washington, D.C. 
(301 m.) (6 m.)! (24m.)! (19 m.)! (221 m.) (598 m.) (7 m.) 
level | 55 {tals | & | & [fp 
Zz ie |z eae wizial ea ie iz & 
Surface_....- 365 | 980 8.6 365 1,016 | 21.6 | 81 | 318 [1,018 | 16.8 10.8 80 
PES Nee 365 | 957 9.9 365 9.8 | 77 | 318 962 | 17.7 10.3 oo 
1,000... 365 | 901 9.7 365 6.3 318 | 907 | 15.6 8.6 66 
1,500_ 365 | 848 8.1 365 3.6 | 77 | 318 855 | 13.3 6.5 64 
2,000. 365 | 798 5.7 365 2.0 | 63 | 318; 805 11.2 | 4.6 62 
2,500- 365 | 750 3.0 365 0.6 8.9 2.2 60 
3,000. 365 | 705 0.2 365 8.4 6.5 —0.3 5 
4,000. 360 | 622 —5.8 363 2.9 0.7 —5.3 55 
5,000. _| 387 | 547 | —12.2 —5.3 —10.9} 52 
6,000. 353 | 479 | —18.9 —17.0) 80 
7,000- _| 350 | 418 | —26.0 —23.5| 49 
$,000_... 349 | 363 | —33.4 343 —30.4 |... 
SESE 348 | 314 | —40.5 —37.3 
10,000........ 343 | 271 | —46.7 —43.9 
339 | 233 | —51.8 — 50.0 
Stations and elevations in meters above sea level Stations and elevations in meters above sea level 
Coao Solo, C. Z.1 4 (15 m.) Seattle, Wash.’ # (10 m.) Coco Solo, C. Z,! 2 (15 m.) Seattle, Wash.! ? (10 m.) 
Altitude (meters) Altitude (meters) 
mean sea level mean sea level 
Num- Tem- Rela- | Num- Tem- Rela- Num- Tem- Rela- | Num- Tem- | Rela- 
ber of | Pres- * | ‘tive | berof | Pres- - | tive ber of | Pres- * | tive | berof | Pres- | °° tive 
obser- | sure humid-| obser- | sure humid- obser- | sure humid-| obser- | sure —_ humid. 
vations ity | vations ity vations ity | vations ity 
206} 1,011 25. 6 88 244 1,018 11.8 284 804 16.1 75 211 800 3.1 
aS TREK 206 957 23.3 88 244 969 9.2 i$ SGaaerve 276 758 14.4 62 196 751 | 0.7 52 
295 9104 20.7 86 244 204 7.6 272 715 12.3 54 190 706) —1.8 47 
291 853 18.3 82 219 850 5.6 246 634 6.8 §2 174 621 | —7.7 45 


i Navy. 
’ Yearly means based on 11 months. Month of December not included due to insufficient number of observations. 


TABLE 2.—Free-air resultant winds based on pilot-balloon observations made near 5 p. m. (E. 8S. T.) during 1939 
[Directions given in degrees from north (N =360°, E=90°, S=180°, W =270°)—velocities in meters per second] 


Abilene, Albuquer- Atlanta, | Billings, Boise, |New York,) Browns- Buffalo, Burling- | Charles- Cheyenne, Chicago, Cincin- 
Tex. N. Mex Ga. Mont. Idaho N. Y. N. Y. ton, Vt. | ton. 8. C. Wyo. 1 nati, Ohio 
(537 m.) a 554 m.) (302 m.) | (1,005m.) | (850 m.) (15 m.) (7 m.) (220 m.) (132 m.) (18 m.) (1,873 m.) | (192 m.) (157 m.) 


Altitude (meters) 
m.s. 1. 
Di- | Ve-| Di- | Ve-} Di- | Ve-| Di- | Ve-| Di- | Ve-| Di- | Ve-| Di- | Ve-| Di- | Ve-| Di- | Ve-}| Di- | Ve-| Di- | Ve-| Di- | Ve-| Di- | Ve- 
rec- | loc-| rec- | loc- | rec- | loc- | rec- | loc- | rec- | loe- | rec- | loc- | ree- | loc- | rec- | loc- | ree- | loc- | ree- | loc- | ree- | loc- | ree- | loc-| ree- | loc- 
tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | Ity 
189982; 1.9) 2509) 1.5) 2609). 1.6) 281947 2.0) 20698) 2.0) 247338) 2.2) 12559 254%?) 3.2) 2468) 1.0) 19098) 1.2) 2754) 2.7; 246993) 1.5) 248853) 1.7 
298983) 2.2) 279518) 6.4) 150%) 3. 2| 2529 263716) 94.9) 23099) 3. 4.9) 24737) 4.6 
26787 3. 5) 274358) 3.6) 20853) 1 9) 285%} 8.1) 183976) 1.9) 26028) 7.6) 27028*| 6.4) 284307) 5, 268785) 6.4) 2599) 
227333; 3.6) 29498) 2.3) 273% 4.9) 2797) 4.9) 20199 2.5) 288265) 9.4) 219299) 1.7) 270733) 2812) 7.6) 274273) 6.5) 27684 8. 275982) 7.7) 271378) 7,4 
244317] 4.4) 283981 2.9) 278276] 6. 27933] 6.3) 279832] 3 7} 289236) 11.1) 23623) 2.2) 8.1) 286:77| 8.5) 272%) 7.7 4. 5) 282732, 8.8 8.1 
252%) §.4) 271352) 3.9) 28223) 7.1) 27732) 7.9) 273315) 4.6) 288!) 11,9) 25198) 2.6)... 277% 28594 6.8) 2882) 9.6)...... 


‘ 
| 
| 
1 


470 


MONTHLY WEATHER REVIEW 


TABLE 2. -—Free-air requliant winds based on pilot-balloon abservations made near 5 p. m. (E. S. T.) during 1939—Continued 


DecemBer 1939 


El Paso, | Fargo, Greensboro,|; Havre, Honston, Huron, Las Vegas, |} Medford, ipa, ane * | Nashville, | New Or- 
| Tex. | N. Dek. N. Car. Mont. Tex. 8. 1 Nev. i) ating’ Tenn leans, La. 
| (1,196 m.) (233 m.) (271 m.) (766 m.) (21 m.) (393 m.) (570 m.) (410 m.) ase) (281 m.) (194 m.) (18 m.) 
Attitude (meters) 
| Dt | Ve! Dé | Vee} Di- | Di | Di- | Ve-} Dt- | Ve- | Di- | Ve-} Di- Ve-| Di | Ve-| Di- | Ve-| Di- | Di- | Ve- 
| | | ree- | loe-| ree- | loce-| ree- | loe | rec- | loe-| ree- | loc-| ree- | loc-| ree- | loc-| rec- | loc-| ree- loc-| rec- | loc-| rec- | loc- 
| thon | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity tion | ity | tion | ity | tion | ity 
| ° ° ° ° ° ° ° 
Surface | 242088) 5| 20" 2.0) 285 1.3 1569) 8.1} 310°) 1.5) 107%?) 2.7] 260%) 1.6) 245%) 1.3] 103858) 0.1 
500 --| Bo 1, 2.9) 290° 3149 1.8) 111%) 3.0) 25694) 2.2) 236%!) 2.2) 18595) 1.5 
1,000 | 3. 1.8; 283) 2.5 144383) 7.0 1.2 1.6) 250933) 3.5) 240939) 3.1) 224936) 1.3 
1,40 | 2458) 1.8) 4 1.6) 28289 4.2) 204%) 8.8) 1.5) 191975 5.5) 260819 § 1) 25582!) 42) 271597) 1.8 
2,000... | 24788) 3. 2} 288349) 6 2239 6.0) 239% 1.8) 25098 20) 24395 1.1) 27697) 7.1 268299) 5.6) 28897) 3.0 
2,500.... | 26797; 2.7; 235 8. | 3.2) 2359 7.6) 25637) 25 3.1) 251273) 1.7) 284%8) 8.4) 27428) 6.5) 229%) 3.6 
3,000. ... 3.6) 28777) 9, 3.8} 28728, 9.1) 249775} 3.6) 2507 21 6} 2839 7.5) 20430 44 
4,000 _.| 26684) 6.6) 2889) 12.3 5. 2387"; 11.3 25497) 238728) 2.8) 200168, 11.4) 200!) 9.4) 20119) 
5,000 | 206871) 7, 5.9) 202785) 13.5) 270918 5.7| 
6,000. | 27088) ---| 2047) 14.7] 27782) 6.9) 
| 
Sault Ste 
Oakland, | Okiahome Omaha, Rane. Nev St. Louis, | Salt Lake | San Diego,| San Juan, Marie. Seattle, Spokane, Washing- | Winslow, 
Calif. | City, Okla.| Nebr. (306 | ) | Mo. (170 | City, Utah) Calif, (15 | P. R. (16 | Wash. Wash. ton, D. ©. | Ariz. (1,488 
(8m.) | (402m. m.) 6m.) om.) m.) m.) (603 m.) | (10 m.) m.) 
Altitude (meters) 
Di- | Vel-| Di- | Ve-| Di- | Ve-| Di- | Ve-} Di- | Ve-| Di- | Ve-| Di- | Ve-| Di- | Ve-| Di- | Ve-; Di- | Ve-| Di- | Ve-| Di- | Ve-|} Di- | Ve- 
rec- | loc- | reec- | loe- | rec- | loc- | ree- | loc- | rec- | loc- rec- | loc-| ree- | loe-| rec- | loc- | ree- | loc-| ree- | loc-| rec- | loe- | rec- | loc-| ree- | loe- 
tion | ity | tion | ity | tion ity | tion | ity | tion ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity | tion | ity 
t ° ° ° © ° ° ° ° ° 
Surface. . 260%) 4.0) 34997) 1,9) 249944) 1, 0) 25194) 0.9) 22845) 1, 4) 204989) 1.3) 3.6 6.0} 28331) 2.1) 24% 1.9) 221358 2.1) 26335°) 1.1) 252963) 2.5 
800 202951) 2.5) 101958) 2.2) 2519) 1,4)... 2. 289548) 2.3) 87365) 7.8) 286318) 3.1) 21739) 2820) 3.1).....- 
1,000... $028) 1,7) 2077) 2.8) 25408 2. 4) 243%) 3.9 _.|...-.| 0.7) 105%?) 6.6] 27428) 4,0) 2142*9) 3.4) 219383) 3,2) 263378) 
1,500 204982; 22799 3,7) 264983) 4.2) 252365 8} 5.3) 25895) 1,2) 35687) 0.7 107995; 28247) 5.2) 214°) 3.7 227%; 94.3) 2778) 
2,000 29431 1.4) 293922, 4.7] 26899) 6.0} 230989) 1.4) 271%) 6.9) 1.6) 33087) 0,7 103284) 4.9} 286223; 6.8) 225716; 3.8 23727; 5.3) 283787; 9.5) 247981) 2.2 
2,500 283993) 1,7) 25511) 281793) 7,8) 241959 2.3) 281285) 8, 2) 24585? 2. 4| 208789; 1,1) 9798) 4,7) 204197) 23519) 4,2) 245985) §, 8) 284269 10.9) 252561) 2.8 
4,000 204297; 2.3) 263995) 6.7] 281273) 9, 2) 255544) 3.3) 28678) 9.3) 254395 3.3) 264268) 2.0) 94291) 4.4) 205165) 9,8) 23817) §.0) 26326) 284254) 11. 5) 250888) 3.1 
4,000 20077) 3.2) 273%) 2] 2879) 11.7) 26798) 4.5) 6.1] 2641) 5) 286166) 12. 4) 265880) 4.6 
5,000 2749) 1.1) 2818) 9, 6} 28023) 13.3 5. 9)_. 27728, 6.6) 26579) idl -..-| 273°) 6.9 


air wind velocities (m. p. 8.), for different sections of the United States based on pilot-balloon observations during 


Taste 3.—Mazimum free 
the year of 1939 


: | Surface to 2,600 meters (m. s. 1.) Between 2,500 and 6,000 meters (m. s. 1.) Above 5,000 meters (m. s. 1.) 
—- 
| > > 
i 3 | | 
tion | & | |Month Station ton | Month; Station a | tion | & Month Station 
2 is = is | | ig 
= 3 = = 3 
Northeast ! 51.6) W 2, 360) 31! Dec._.| Harrisburg, 62.8) NW | 4,240) 24) Oct... | Hartford, Conn...||} 61.0; W____/ 9,880) 13) Feb_..| Cleveland, Ohio. 
East-Central 56.6, W | 2,480! $1; Dec...| Richmond, 63.4. 4,320) 26) Jan_--! Greensboro, N. 76.0] WNW/| 9.400) 5| Dec.._| Greensboro, N. C. 
Southeast 42.0) SW___| 2,440) 30! Jan...) Jacksonville, 50.0, W + 4,300) 22) Feb...| Spartanburg, 8. C_|| 73.0; N___._|20, 620 8, June.-| Miami. Fla. 
North-Central | 43.6) W 1,970) 25) Apr neapolis, || 54.4 NW... 4, 7) Dee... Milwaukee, Wis_-|| 75.0) 13} Dec__- Huron, 8. Dak. 
| inn. | 
Central 80.2) SW | 2,320; 9) Jan...) Wichita, Kans_...|; 54.0) WSW.! 4, 680! 1| Feb...; Omaha, Nebr..... 87. 5) WSW./11, 960} 22)..do_...| Omaha, Nebr. 
South-Central 41.0, SSW_.| 300) 16; Feb Oklahoma City, | 53. 3, 280) -do....| Del Rio, Tex...... 75.2} WNW/)12, 750; 5) Nov...| Abilene, Tex. 
| | Okla. | 
Northwest | 47.7} WNW) 1,700! 19) May Billings, Mont....|| 53.5) SW 4,500} 1| Jan. ..| Medford, Oreg....|| 72.0) NNW-| 6, 580 Jan...| Billings, Mont. 
Weet-Central *.. 45.3) SSW 2,600) 15) June..| Modena, Utah....|| 67.4) 3,960) 3) June..| Reno, Nev_.......|; 86.0} ENE__/17,7 Feb_..| Denver, Colo. 
Southwest .| 2,500) 5 Apr Sandberg, Calif...|; 59.1) NNW.) 26; Feb__.| Sandberg, Calif 95. 5) NNW.) 8, 440 Jan... ~ N. 
' Maine, Vermont, New Hampshire, Massachusetts, Rhode Island, Connecticut, New York, New {orev Pennsylvania, and northern Obio. 
* Delaware, Maryland, Virginia, West Virginia, southern Ohio, Kentucky, eastern Tennessee, and North Carolina. 
+ South Carolina, Georgia, Florida, and Alabama 
* Michigan, Wisconsin, Minnesota, North Dakota, and South Dakota. 
Indiana, Iinois, lowa, Nebraska, Kansas, and Missouri. 


* Mississippi, Arkansas, Louisiana, Oklahoma, Texas (except E] Paso), and western Tennessee. 


Montana, Idaho, Washington, and Oregon. 
* Wyoming, Colorado, Utah, northern Nevada, and northern California. 
* Southern California, southern Nevada, Arirona, New Mexico, and extreme west Texas. 
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Taste 4.—Monthly mean heights of freezing temperatures (0° C.) during year 1939 
January | February} March April May June July August October | Novem- 
= ec ec = es es es ec = = ec = 
Sir 26| 4,740] 31] 4,340) 28 29} 4,130] 30) 2,670) 31! 2,810 
1,089} 30) | 31) 1,760] 30) 2,530} 3,330] 30] 3,280) 31] 4,500) 31/ 4,200) 30) 3, 30} 2,920} 30] 2,900) 31) 2, 230 
Bismarck, N. 23] 4,470} 30) 4,210) 30] 3,710} 30) 2,500) 30) 2,460) 31) 
1,873) 31 28] (1) 30] 2,410} 28) 2,900} 30) 3,780) 30) 4,160) 15) ESE 
187} 29) | 28) @) | 30} 710) 30) 1,750) 31] 3,350) 30) 
Denver, Colo_._- x 18] 4,980] 31] 4,660} 29) 4,460) 29] 3,620) 30) 3, 170 2, 970 
El Paso, Tex 28} 2,330] 31] 3,480) 30) 3,840 4, 29] 4,680} 30] 4,870} 4,800} 4,690) 31] 4,080] 30] 3,310) 31| 3,460 
1, 908} Pies cone 31| 4,680] 28] 4,130) 29] 3,380] 30) 3,200] 31) 2 450 
Fargo, N. Dak 28; (1) | 31) @) | 30) 1,240) 31! 3,340) 27) 3, 
ehurst, N. 780; 25; 650] 22) 1,620; 28] 3,200) 4,510) 6) 4,320) 4,780) 4,460) 3,170) 27| 1,360) 29) 
Nashville, Tenn... 960} 28] 2,180) 30) 2,720) 28] 2,780] 31! 3,740] 29] 4,640) 4,700) 31/ 4,580) 30) 4,510) 30) 3,650) 29) 2,300) 31| 2,120 
olk, Va._... 2,060} 15] 1,600} 22] 2,030) 18| 2,620} 25) 3,670] 13] 4,670} 16| 4,500) 23] 4,300) 23! 4,140 % 3,640) 25| 2,550} 24) 1,770 
Oakland, Calif. 2,500} 28) 1,950] 31] 2,560} 30! 3,380] 31) 3,480] 360] 4,270) 31| 4.780} 31| 4.810} 30) 4,130} 30) 3,760} 29] 3,430) 31| 3,130 
Oklahoma City, Okla_- 2, 260} 28] 1,860} 31] 2,920] 28) 3,280) 3,930] 29] 4,480) 31] 4,820) 30) 4,730) 20) 4, 660 3,820} 30) 2.870} 31| 2,910 
301} 31) 28] 31} 1,840} 30) 2,280) 31) 3,670) 28! 4,310) 30) 4,650) 31) 4,410) 30) 4,420) 31) 3,200) 30) 2,230) 31) 1,880 
13} 25) 3,440) 16) 3,480) 21) 3,580) 20) 3,770) 20) 4,150) 24) 5,030 20) 4,580) 29) 4,410) 27) 3,590) 30) 3, 520 
27| 3,790) 25! 4,040) 4,760 15) 4,670) 8) 4,210) 24) 3,580) 27) 3,710 
Seattle, 19| 2,180] 22! 2,710) 17| 2,680 17| 3, 10} 3,340| 15) 2, 
Sault St. Marie, Mich__ 30, @) | 31] 2,690; 29) 3, 610 28) 3,250} 31| 1,600; 30) | 31) 
Swan Island, West Indi Ps Coy 27| 4,370) 31) 
opens, 30} 2,390} 31) 2,810) 29) 2,800 29) 3,370} 31) 2,450) 30) 2,540 1, 520 
ashington, D. C 2,160) 29) 3,150) 27| 4,360 25| 4,300} 29| 3,570) 27| 2,000) 27| 1,050 
At sea; (Lat. 40°-44° N., Long. 47°- 30) 2,900) 25) 3, 700 
53° W.) 
Surface. 


RIVERS AND FLOODS 


{River and Flood Division, MERRILL BERNARD in charge] 
By Bennett Swenson 


The report for December 1939 will appear in the next issue of this Review. 
WEATHER ON THE ATLANTIC AND PACIFIC OCEANS 


{The Marine Division, W. E. Hurp acting in charge) 
NORTH ATLANTIC OCEAN, DECEMBER 1939 
By H. C. Hunter 


Atmospheric pressure.—The pressure was below norma] Tasux 1.—Averages, departures, and extremes of atmospheric pressure 
over most parts of the North Atlantic Ocean. The defi- (sea level) Bd eae for the North Atlantic Ocsan and de 
ciency was notably large over the waters adjacent to the < 


Provinces and to the northeastern Average | Depat- | srighest | Date| Lowest | Date 
The stations in middle and lower latitudes generally Millibars | Millibars | Millibars Millibars 
reported pressures averaging lower during the final third {ulisnehaab, Greenland !.------ ‘be 
of the month than during the preceding portion. Horta, Azores.......-..----.] 1,017.7] —3& 1,033} 14 991 | .29, 30 
° ° Belle Isle, Newfoundland *_.....| 1,000.5 —6.6 1,028 12 959 9 
The extremes of pressure found in available vessel re- Halifax, Nova Scotia... 16 
ports are 1,038.9 and 955.9 millibars (30.68 and 28.23 Hatteras 1,000] 27 
inches), The high mark was recorded during the forenoon Turks Island--..-...-.-.---.--- 34 ie 
of the 13th, near latitude 40° N., 35° W., on the American 908 | 26 
steamship Yaka. The low reading was noted in about the 1 For 24 days. * For 27 days. 3 For 26 days. 


N.. 33° W.. about mid- Note.—All data based on a. m. observations only, with departures compiled from best 


©p art of the en, ely 48 available normals related to time of observation, except Hatteras, Key West, Nantucket, 


night of the 29th-30th, op the Dutch liner Noordam. and New Orleans, which are 24-hour corrected ‘means. 
208641403 
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Cyclones and gales.—The reports available from vessels 
show that the month was distinctly less stormy over the 
North Atlantic than December usually is. No reports of 
hurricane-force winds (12) have been received, and only 
three reports of force 11. 

During the first few days there were no important 
storms over the middle or western portions of the ocean, 
and cyclonic activity was not marked over any part of 
the North Atlantic from the 5th to the 7th, and again 
from the 12th to the 17th. 

The first occurrence of force 11 was recorded by the 
Dutch motorship Kota Tjandi, on the 8th, about 200 miles 
to eastward of Cape Cod. 

The other two encounters with force 11 occurred on the 
23d and 25th respectively, in each case not far from the 
55th meridian. The vessels which sent these reports 
were the Dutch steamship Blommersdijk and the Norwe- 
gian motorship Nyhorn. 

The lowest + rometer reading of the month was noted 
in connection with a rapidly moving storm which did not 
cause winds of foree exceeding 10, so far as reports show. 
The center of this storm was near Cape Hatteras on the 
forenoon of the 27th, and 24 hours later was located not 
far to southward of Sable Island. A marked increase in 
strength occurred during the next 24 hours, as the storm 


Position at time of Direc- | Direction Direc- 
Voyage lowest barometer — Time of | Gale tion of | and force | tionof | Direction | Shifts of wind 
gan| lowest | ended | Lowest) “wing | of wind | wind | and high- | _ near time of 
Vessel De- | barom- | De- | barom- 
cem- |eter, De-| com-| eter | When | attimeof | when | est force | lowest barom- 
| From- To— Latitude | Longitude! ber | cember | ber eter 
began | rometer | ended 
NORTH ATLANTIC 
Boschdijk, Du, 8, 8 Antwerp.......| New York.....| 49 21.N. 10 52 W 1 | 4p, 1 1 |1,007.1 | SW....| SW, | WNW SW, | SW-WNW. 
Do | do ...|'49 04 N. | 20 50 W. 3 | 4p,3 3 1,014.6 | WSW_. WNY ,9..| NW__.| WNW, 10.| WNW-NW. 
Germania, Nor. M. 8....| Gothenburg | Port Arthur....| 60 00 N. | 13 15 W. | 10p,3 4! 967.5 | NNW..| NNW____.| NNW_.| NNW, 9__! 
American Merchant, Havre | New York 49 42N.| 10 06 W. | 3 | 6a, 5 1,000.7 | WNW.| WNW,8..| NNW_.| WNW-NW, 
Am. 8. 8, 
Jean Jadot, Belg. 8. 8 Antwerp | 149 20N.; 7 20W. 5 | 4a, 5.....| 5 NW....| NW, 9.... 
Jean Lafitte, Am. 8. 8...| Glasgow Georgetown, 8S. | 35 0O N. | 66 30 W. it 9 (1,005.1 | SW. NW....| NW, 9_....| SW-NW. 
>. } | 
Kota Tjandi, Du, M. 8. | Capetown......| Boston 4127N./6608W. | 8) 12m,8.) 9 984.9 | SSW__.| W. 11. W, 11..... | WSW-WNW. 
Charles H, Cramp, Am, do 35 10 N, 58 15 W. 8 | 6p, 8 9 Wsw WSW,10.| WNW.| WNW,10_| WSW-WNW. 
8.8 
Boschdijk, Du. 8, 8... | Antwerp New York 1142 20N. | 526 W. | s &p, 8. 9 984.6 | SSW_..| SSW, 7 WswW..| W,9__....| SSE-W. 
Abbekerk, Du. M. 8....| Capetown Boston 39.N. | 64 56 W. | | Sp,8 9 1,008.6 | W_.....| NW,9 WNW .| NW,9....| W-NW. 
Ferncastie, Nor. M. 8...| Abadan Bergen -..--| 50 18N. | 1012 W. | 9 | &p,9 | 10 | 985.0 | NE. FSE,7 .| E-SE, 
Joan Jadot, Belg. 8. 8...| Antwerp New York.....|'46 20 N, 41 35 | 9 | 6a, 10....) 10 | 980.8 | SSE....; NW, 5....| W_-..-. SW-NW-WS5W. 
American Merchant, | Havre adhinde ue ante 41 17N. | 64 48 W 12 | 12m, 12__| 12 | 990.2 | NNE NNE, 9...; NNW..| NNE, 9 NE-N. 
Am, 8.8 | 
Biommersdijk, Du. 8. 8_| Rotterdam... do 49 42N.} 630 W. 14 | 12m, 14__ 14 | 900.2 | N...... SE, 4...... NE NN, SE-N 
Pennland, Du. 8. 8 Antwerp... ... do 18 24N, W. 18 | 9a, 18 | ?993.3 | SSE_...| 8, W, 10_....| 8-W 
Blommersdijk, Du. 8. Rotterdam.. do 47 48 N. | 32 42 W. 18 | 10a, 18... 18 | 999.8 | SSW... sw, WSW,9__.| SW-WSW 
Do do.. 146 22 N. | 30 21 W. 19 | 12p, 19. 21 999.6 | SSW WNW.! SSW-W 
Monstella, Ital. 8 Sines, Portugal .|. do 35 40 N. | 67 10 W. 22 | 4p, 22..../ 23 11,001.0 | W__- = NW.. NW, 10.. 
Exminster, Am. 8. 8 Casablanca do... 34 15 54 25 W. 23 | 4a, 23._..| 24 995.6 | WSW wsw,s WNW.!| W,9......| WSW-NW. 
West Harshaw, Am. 8.8_| Rotterdam Norfolk ..| 33 5ON.| 5440 W 23 | 4a, 23...) w,9 _| NW....| WNW, 10.| W-WNW. 
Nyhorn, Nor. M. 8 |} Dublin ....| Philadelphia. | 26 06 N. | 50 54 W 23 Ga, 23....| 997.3 j_._- Ww, 10 
Rlommersdijk , Du, 8.8 Rotterdam. . New York... 210N.| % 23 W 23 | 12m, 23.. i NW, NW....| NW,11....| NE-NW. 
Bronxville, Nor. M.8...| Gibraltar.......| Boston... 35 47N.}; 701 W 24 | 12m, 24.. A 
Atlanta City, Am. 8. S...| New York.....| Cristobal 20 | 73 27 W 24 3p, 24...- 24 |1,004.4 | SW_...| SW,8_....| NW_....| NW, 8..._. SW-NW. 
Exminster, Am. 8. 8 Casablanca New 33 5O N. | 58 12 W 24 | 4a, 25 25 | 986.5 | SW_...| SW,10_...| NW___.| SW,10....| SW-WSW. 
West Harshaw, Am. 8. | Rotterdam Norfolk. . 32 55N.| 5435 W 25 | 8a, 25 25 | 996.3 | SSW_..| SSW,10...| WNW_/ SSW, 10_..; SSW-WNW 
Nyhorn, Nor. M. 8_....| Dublin Philadelphia 36 12 N. | 53 30 W 24 | 9a, 25_... WSW, WSW, 11.- 
Aldecoa, Span. 8. 5 Ceuta Galveston... ... 29 20 N. | 94 38 W 25 | 1a, 26.._. 26 }1,011.4 | NE.-..} N, W....|] NE, 9.....| NE-NW. 
Express, Am. New York... ...|'40 24 N. | 3508 W 28 | 8a, 29... 31 WNW._| WNW,10_| SW-W. 
Noordam, Du. M.S Rotterdam... .. 48 0ON. | 3248 W 28 |12p, 20... 955.9 | NE,6 W_._....| NW,9.....| E-NE-W. 
Rronxville, Nor. M. 8 Gibraltar ...| Boston........./ 33 11 N. | 31 30 W 20 | 10a, 30_.. 31 (1,003.2 | WNW_| WNW,7 NW... WNW,9 
Express, Am. 8. S_......| Lisbon... ... New York. ....|'40 04 N. | 39 56 W. 31 | 2p,31..../ 31] 979.0 | WN 8-W. 
Spidoleine, Belg. M. Antwerp | Philadelphia...| 42 30 N. | 46 45 W. 31 | 4p,31..... 31] 9755) W | 
NORTH PACIFIC | 
OCEAN | } | } 
| 
Reaver, U. 8. 8 ...| Honolulu....... | Manila......... 1248 .N. | 122 42 F. | 94.9) NEL...) | NW....| NNW, 9..| NW-N-NNW. 
Kiyo Maru, Jap. M.8...| Kobe ..| Los Angeles....| 3936 N. | 164 24 W. $30 | Ip, 2....! 080.3) SW....| W, 8......| 
Niel Maersk, Dan. M. Yokohama.._..| do..........| 4636 N. | 17648 W. #30 | Ip, 1...-.| 2| 981.4) SW....| WNW, 7..| NNW WSW,11..| W-WNW, 
Ogura Maru, do .| San Franciseo..| 40 30 N. | 17000 W. 1} la, 2 3 WNW 
ap. 8. 8 | | | 
Gen Maru, 45 20 N, | 17611 E. | 12m, 2...) 2; 9885! W...... 
ap. M. 
Brajara, Nor. M. 8......| San Luis.......| Yokohama.....| 33 36 N. | 148 36 W. 4 | 2p, 6....! 6 999. 4 ssw...| w, SW....| SW. 8.....| SW-W. 
Elwood, Am, | Hong Los Angeles....| 3439 N. | 16300 W, 6 | 4p, 6..... 7 206, 6 wew..| wsw, WNW, 10.| WSW-NW, 


See footnotes at end of table. 
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advanced to about 45° N., 40° W. The center moved 
slightly to north of eastward to reach 46° N., 32° W., on 
the 30th, and then turned more to the northeastward. 

Fog.—While reports of fog came from many areas, more 
widely scattered than usual, yet nowhere did fog occur very 
frequently. Two sioueee adjacent to the northeastern 
coast of the United States led in number of days, having 
5 each; these are located from 35° to 40° N., 75° to 80° 
W.; and from 40° to 45° N., 70° to 75° W. Several other 
squares had fog on 4 days each, some of these being near 
the eastern United States coast; one on the Gulf of Mexico, 
25° to 30° N., 90° to 95° W.; and one near the southern 
tip of the Grand Banks, 40° to 45° N., 45° to 50° W. 

Fog reports from the Grand Banks area indicate that 
occurrences were well scattered in matter of time, but in 
the northern Gulf of Mexico all reports of fog were within 
the first 12 days, while near the coast between the Chesa- 
peake capes and Florida there was scarcely any fog before 
the 20th. 

Compared with normal occurrence in December, this 
month is indicated as having somewhat less than normal 
amount of fog over the Grand Banks and thence westward 
to Nova Scotia and eastern New England. On the other 
hand, there was somewhat more fog than normal in the 
general vicinity of Cape Hatteras. 
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. Position at time of | | ms Direc- | Direction Direc- | | 
Voyage lowest barometer | Soe | Time of | Gale | _,| tion of | and force | tion of | Direction | Shifts of wind 
gan; lowest | ended | Lowest) ‘wing {wind | wind 1 high- time of 
Vessel | De- | barom- | De | barom- ind | of win n and high- | neaf time o 
| | cem- | eter, De-| cem-| eter when | at time of | when | est force lowest barom- 
From— To— Latitude | Longitude! ber | cember | ber ape | lowest ba-| gale of wind on 
| : began | rometer | ended 
NORTH PACIFIC | | 
OCEAN—Contd. | Milli- 
bars 
Arizonan, Am. 8. 8__.__. Los Angeles....| I515N. {| 9500 W. | 6 %..... 7 |1,0014.6; NE_. NNW..! NNE, 8...| NE-NNW. 
North Bend_._.| Seattle... 148 30 N. | 12440 W. 7 |1,001.0 | SSE_._.| SSE, 5....| SSEB..._| SSE, 10... 
48 33 N. | 12500 W. 7 | 4p, 7. 7 SE, 9. 
ship, U. 8. | 
Marchen Maersk, Dan. | Los Angeles..... Yokohama__..- 34 30 N. | 146 40 W. 6 | 9a, 7... 9} 996.5; SW. SSW, 8....| NNW_.| NW, 10...) SSW-W. 
Kaizyo Maru, Jap. ini 32 42 N. | 155 27 W. 7 | 1a, 8... 8 |1,001.0 | W_..... NW....| WNW,8.. 
Kansan, Am. 8. Bellingham....| Los Angeles___.|! 48 24 N. | 124 57 W. | 8 | 10a, 8 OM, SE-S. 
Brajara, Nor. M. 8___._. San Yokohama.___..| 3254 N. | 153 24 W. 7 | 2p, 7.. 8 |1,002.1 | NW_. WNW,7..| NW.. NW, 9 W-NW. 
Madoera, Du. M. 8_....| Cebu._......... Los Angeles.__.| 1746 N. | 13700 E. | 6 | 5p, 8....| 9 995.2 | NNW .| ESE,8 ESE. ENE, 9 
Mauna Loa, Am. 8. Portland, Ore_.| Honolulu. 30 06 N. | 143 30 W. 9 | 3p, 8. 9 |1,007.8 | NW__..| WSW,5 NW NW,8 
Huguenot, Am. 8. Los Angeles.__.| 40 49 N 124.48 W. 9 10p, 9...! 9} 999.3) S_..... SSE, 11. Ww .| BSE, 11. SE-SSE-W. 
Manulani, Am. S. 8____. Honclulu.._...} 30 30 N 133 18 W. | 9 | 6p, -| 10 /1,003.7 | SSW__.| SSW, 8.. WNW.! W,8.. SSW-WNW., 
Sveaborg, Swed. M. 8__.| Genzan.......- San Luis.......| 4407 N. | 17514 EF. | 9/ 9p,9.....; 11} 901.9] 8......) 8,9._.. WNW.| WNW, 11.| S-W. 
166 00 W } 1} | la, 12.. 12 | 989.2 | SSE_...; SW, 9 .| SW... 8, 11 SSF-SW 
Maersk, Dan. | Los Angeles._..; Yokohama_.._.| 34 12 N 174 48 W, | 10 | Ip, 12.. 12 009, 5 | WNW.| WSW,6_| SW. SSW, 9 SW-W 
M.5. 
8. C. T. Dodd, Am. 8. S_| Vladivostok....| San Francisco__| 4051 N. | 15411 E. | 11 Noon, 18 992.2; WNW.| NW, 8.. | NW W, 12 SSE-NW-W. 
Corneville, Nor. M. 8...| Hong Kong....| Los Angeles.._.|! 38 40 N. | 17607 BE. | 11 | 2p, 12...} SW, 11 
Gefion, Nor. M. 8_.._... Yokohama.....} Estero Bay_..../ 3936 N. | 17306 EB. | 12 | 8p, 12. 14 A WNW W, 10. 
a Maru, Jap. _.-do..........| Los Angeles._._.| 39 50 N. | 16910 W., | 12 | 4p, 13.. 15 | ? 982.4 WNW.) WwW None. 
M.S. | 
Syoyo Maru, Jap. M.8..} Los Angeles....| Genzan...._...| 3642 N. | 178 54 W. | ll | 12a, 12...| 15 999.7 | SW... WSW,4...| WNW WNW, SW-WSW. 
Huguenot, Am. 8. 8.....| Portland, Ore__| 47 44 N. | 12446 W. 14 12m, 15 | 997.0 | SSE...:| ESE, 8....| SE, 9_.....| 85-ESE-SSW. 
Maru, Jap. | Yokohama____. San Francisco..| 4140 N. | 15430 E. | 14 6a, 17 994. 0 SE.....| NW, 8....| W.. NW, 9.. 
8. C. T. Dodd, Am. 8. S.| 3921 N. | 179.00 w.| 15 | 2p, 15. 16 | 984.8 | ESE...| W,10..__.| SW-w. 
Maersk, Dan. | Los Angeles._..| Yokohama__._./ 3410 N. | 17152 E. | 15 10p, 15_.| 16 |1,008.5 | 8......- NNW WNW, 10.| 8-WNW. 
M. 8. | 
Maru, Jap. | Hakodate._....| Los 4008 N. | 16634 E. | 15 | 4a, 16..-_| 17 | 994.9 | NW, 12...| None. 
M.8. 
Syoyo Maru, Jap. M. S_| Los Angeles__..| Genzan_.__....| 38 12 N. 174 18 16 | 3a, 16_. 17 | 984.4; WSW-. WNW.) WNW, 11.) SW-WNW. 
Maru, Jap. | Yokohama.....| San Francisco._| 47 12 N. | 17130 W. 18 | la, 
M. 8. 
8. C. T. Dodd, Am. 8. Viadivostok____! $847 N. | 15910 W.! 18 6a, 19 000.0 wsw 8, 10... 8-SW 
Makiki, Am. 8. 8_____.. Honolulu.__....| 4600 N. 129 55 W. | 17 10p, 18..! 20 (1,004.7 SSE-S8. 
8. C. T. Dodd, Am. 8. S_| Vladivostok..._| San Franciseo..| 38 35 N. | 15230 W. | 20 | 4p, 20._..| 20 997.3 | 8....___| SSE, 12.__.| SSE....| SSE. 12 SSE-S8W. 
Hokuroka Maru, Jap. | | 4700 N. 15800 20! 2p, 21 | 980.4 SW, 9 
8, | } | 
Makiki, Am. 8._.____| Seattle... ___| Honolulu._.._.| 3835 N. | 138 25 W. | 21 | lip, 21...| 22 1,014.6 | SSE. SW,4 Var._. & S-SW. 
| 3100 N. 142 52 W. 23 | 10a, 24...) 24 /1,005.1 | SE_- 8W,9 8-Wwsw. 
Maru, Jap. | Yokohama.....| Vancouver._...| 5000N. | 138 57 W. | 25 | 2p, 24 25 | 994.2 | SSE. SE,7 SSE_._.| SSE, 8 SE-S. 
Aobasan Maru, Jap. San Francisco... 4615 N. 149 24 W. | 26 | 12m, 26..! 2 | 971.3 | ENE...| NW,8 Ww .| ENE, 9...| N-W. 
M. 8. | } | 
do. - | 4242 N. | 13524W.| 28 3p, 23... SSE, 8..../... | SSE, 8.. 
Skjelbred, Nor. M. S__..| Masinloc, P.1..| Los Angeles....; 33 37 N. 145 49 W. | 28 | 8p, 20.__| 30 | 990.7 | SSE__..| SW, 8. wsw. WSW,8...| SE-SW. 
San Simeon, Am. 8.8__..| Portland, Ore__| Seattle____- --| 4820 125 10 W. | 30 | 6a, 31... 31 | 998.6 | NE ENE, 8...| SE... NE-SE. 
Matsonia, Am. 8. S__...| Los Angeles Honolulu. ..... 27 13 N. | 143 59 W. | 31 | 4p, 2___! 32 1,004.4 SW | W......| SSW, 9 ssW-W. 


} Position approximate. 2? Barometer uncorrected. 3 January. 4 November. 


NORTH PACIFIC OCEAN, DECEMBER 1939 
By Witurs E. Hurp 


TABLE 1.—Averages, departures, and extremes of atmospheric pressure 


Atmospheric pressure—Subnormal pressures, on the 
at sea level, North Pacific Ocean, December 1939, at selected stations 


average, covered the northern and eastern parts of the 
The abnormality was most pronounced, however, 


ocean. 
in the extreme northeastern part, from the central Aleutian oa 
region eastward across the Gulf of Alaska. The center of | preseure | | Date 
the Aleutian Low was not far from Kodiak, where the ~~~» _-__|__S> | 
average pressure, 986.9 millibars (29.14 inches), was 14.1" | Mitlibars | Mitlibare | Miltibare | | Millibare | 
millibars (0.42 inch) below the normal of the month, Point 
This average barometer at Kodiak is the lowest of record Paul... | | | 3 
for December at the station during the past 14 years. 4 
The North Pacific anticyclone was much restricted this  Tatoosh 1,012.2) 
month, and, on the average, extended as a narrow belt —o5| 1,017} 29,30} 1,010 | 19 
from the central California coast southwestward to Mid- 1,017.8 | 
way Island, then westward to the China coast. The Guam 
continental Asiatic anticyclone was abnormally developed Hong 48.7) | 27,28 | 1,018 | 9 
for December over the oceanic extent eastward to the 1020 | 
Ogasawara Islands. At Naha, in the Nansei group, the 0024) 1,016 | "984 27 


average pressure was 1,022.8 millibars (30.20 inches), 
which was 7.6 millibars (0.22 inch) above the normal of 
the month. 


Notre.—Data based on 1 daily observation only, except those for Juneau, Tatoosh 
Island, San Francisco, and Honolulu, which are based on 2 observations. Departures 
are computed from best available normals related to time of observation. 
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Extratropical cyclones and gales.—Numerous cyclones 
crossed the northern waters of the ocean during December 
1939, and the result was a month of frequent storminess 
in most areas north of the thirtieth parallel. In several 
instances the principal heavy gales reported occurred far 
to the southward of the storm centers. Winds of the 
higher velocities—forces 11 to 12—were encountered on 7 
days, with an almost ocean-wide distribution between 
about latitudes 35° and 45° N. The dates of their 
occurrences were the 2d, 9th, 10th, 11th, 12th, 16th, and 
20th. On a number of other dates gales were reported of 
force as high as 10. 

As an indication of the widespread nature of the month’s 
storminess, it may be mentioned that the American steam- 
or 8. C. T. Dodd, while on a voyage from Vladivostok 
toward San Francisco, ran into gales on December 11, 
near 41° N., 153° E., and thereafter had stormy weather 
daily until the 20th, inclusive, when near 39° N., 152° W. 
During this period she encountered hurricane velocities 
on the 12th, near 41° N., 160° E., and on the 20th, near 
39° N., 153° W. The Danish motorship Marchen Maersk, 


while on a voyage from Los Angeles toward Yokohama, 
had frequent gales, highest force 10, from the 6th to 
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16th, between about 35° N., 143° W., and 34° N., 170° E. 

Off the western coast of the United States important 
gales were noted near Washington on the 7th, 8th, 14th, 
19th, and 31st, and near California on the 9th. 

Tropical cyclones and gales.—Press dispatches and two 
vessel reports indicate two typhoons noted over and near 
the Philippine Islands. The earlier of these was felt from 
the 2d to the 8th, and was of marked severity. About 40 
lives are indicated as lost either at sea or as a result of 
landslides and floods, and there was great damage to 
small boats, property, and crops. 

The second storm, about a fortnight later, resulted in 
serious losses because of heavy rains in northern Luzon. 

A Tehuantepecer was encountered on the night of the 
6th, 7th, the greatest wind force being 8. 

Fog.—There was fog on 8 days off the California coast 
and on 3 days off Lower California. To the southwest- 
ward of the Isthmus of Tehuantepec and the coast of 
Central America a little fog occurred within the period 
23d-26th. 

Over the western North Pacific fog was reported a few 
times, between latitudes 30° and 47° N. Both the local- 
ities of occurrence and the dates were widely scattered. 


4 
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CLIMATOLOGICAL TABLES 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 
the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 
stations. 

TaBLE 1.—Condensed climatological summary of temperature and precipitation by sections, December 1939 


{For description of tables and charts, see Revirw, January, p. 29) 


Temperature Precipitation 
Monthly extremes a Greatest monthly Least monthly 
In. In. In. In. 
Alabama... .-| 40.7 | +2.2 30 |; 3.29 | —2.12 | 
47.5 | +4.8 26 -34 —.88 | 1.65 | 8 stations.............| .00 
45.5 | +2.7 29 || 2.46 | —1.76 | 5.53 | Hot Springs..........| 
California............ 49.2 | +3.5 25 || 2.46 | —1.23 | Upper Mattole......| 29.99 | 6 stations.............| .00 
32.3 | +6.6 28 -46 | —.44 | 1.96 | .00 
Plorida...............} —.5 30 |} —.57 7.97 | Everglades...........| .00 
48.6) +.9 22 || 3.28 | —.94 Milledgeville........| 6.23 | Mount Vernon....... 1. 
34.1 | +7.8 28 |} 2.41 +.37 | Deception Creek....| 11.51 | 
35.7 | +4.7 31 |} 1.12 | —1.00 | 2.81 | 2stations.____ 
35.4 | +3.2 25 || 1.30 | —1.50 | 2.58 | Rochester............ 03 
32.4 | +8.3 31 —.55 | Red Oak............ 1.49 | 
38.8 | +11 25 || 2.32 | —1.54 | 4.10 | Cynthiana..... 1.15 
Louisiana. 55.4 | +3.0 30 || 4.15 | —1.14 Robeline._.._. 1,23 
Maryland-Delaware _| 37.8 | +2.4 15 || 1.84 | —1.48 | Friendsville, Md_...| 2.80 | Solomons, Md_._._.. 04 
Michigan... 30.8 | +5.8 24 |} 1.45 | —.60 | Deer Park (near)....| 3.21 | Yale................ 17 
Minnesota 26.4 |+10.7 30 -41 | —.36 | Red Wing........... 
50.1 | +1.8 30 |} 4.08 | —1.18 | Natchey............| 7.13 | 2 stations.............| 2.22 
Missouri... 38.8 | +4.6 31 1. 45 —.69 | Ozark Beach....___.. 261 |...-- 
Montana 32.0 | +8.7 | 2 stations... 28 || 1.07 | +.10| Trout Creek (near).| 6.21 | Helena Valley......_. 06 
Nebraska. .._........ $4.7 | +7.7 | Loup City__..._._.. 8&3 6 | —17|!27 .70| 2.12 | 2stations.............| .26 
39.0 | +7.9 | 80 14 | | 25 .42 | —. 56 | Lewers ranch....__. 
New England.___.... 27.1 | +.5 Fitchburg. Mass....| 64 1 | Enosburg Falls, Vt..|;—21 | 27 || 3.08 | —.26 | Machias, Maine... 5.85 | Woodstock, Vt_......| 1.44 
New Jersey. _._...... 35.2 | +1.5 | 69 —1] 28 || —2.11 | 3.02 | Pemberton...........} 
New Mexico.__......| 38.0 | +3.9 | 84} 110] —29 | 27 .65 | —.03 | Redrock... 2,26 | 2stations.............] 
New 28.2 | +1.4 62 10 | Stillwater Reservoir.|—29 | 27 || 2.86 | —.05 | 
42.8 77 11 | Mount Mitchell_..__ 6 30 || 2.52 | —1.29 | Highlands.....0.0.....| 444 | Jefferson... 
26.7 |+13.7 70 5 | —20 2 | —.21 | Carsom............ .78 | 4stations....... 
35.0 | +3.3 69 | | 4stations....0nan9. | Oj] 31 —1.27 | 67 
45.3 | +5.3 86 | '10| Boise City..........| —9 28 1.00) —.54| 2.45 | Fort Reno...._...... .47 
39.3 | +5.8 77 —7 | 25 || 5.53 | +1.70 | McNamurs.__.. 
33.9 | +2.6 68 | 118 | Gouldsboro___...__. —8 | 28 || 2.24| —.84 | Kane Forest Station.| 4.47 | Phila. Point Breeze..| .93 
46.8 | +.2 79 8 | Caesars Head....... 17 | 30 || 2.76 | —.79 | Clemson College....| 4.73 | Charleston. ...... 1.89 
31.8 |+10.0 79 36 | Mellette.........._. -18 | 29 -20| —.25 | Harveys Ranch..... .03 
42.2 | +1.5 78 Ay 10 | 22 || 3.28 | —1.24 | Milan...............| 4.70 | Madison College.....| 1.85 
52.4 | +3.5 | 94 10 | —9 | 27 1.65 | —.63 | Nacogdoches........| 9.05 | Van Horn............| .00 
34.2 | +7.3 | Springdale (Zion 
75 —23 28 -40 | —.68 | Timpanogos Summit} 2.50 | .00 
39.5 | +1.5 | 75 20 | Glen Lyn. .......... 5] 25 || 1.90 | —1.16 | 3.73 | Langley Field........ . 69 
38.9 | +6.5 | Sedro Woolley_____-. 74 5 | Stockdill Ranch__... —3 24 || 7.54 | +2.27 | Cushman 35.20 | Prosser (near)........| 1.14 
West Virginia._.....-. 36.6 | +2.0 75 7 | Seneca State Forest.| —4 | 31 || 2.46) —.83 | Pickens No.2....... 4.74 | Petersburg........... . 6 
65 —12/ 31 -84| —.46 | Rest 2.71 | Darlington........... . 00 
30.0 | +8.0 | 78 16 | West Yellowstone...|—34 | 28 -41 | —.33 | Snake River. ....... 2.43 | Kemmerer. T 
Alaska (Novyember)..| 9.9 | —3.2 --| 58 11 | Allakaket........... —58 | 27 || 3.13 | +.38 | Little Port Walter..| 3.83 | Council........ 
70.1 | +.1 89 | 129) Kanalohuluhbulu....| 25 || 4.03 | —4.97 | Pauohakamoa No. 2. 30.20 | 3 stations 
Puerto Rico..........| 74.7 | +.5 ti 54 || 3.70 | ~—.85 | La Mina Yun- 
SS? 14.11 | Mona Island (Light 
. 6 


1 Other dates also, * Audobon. 
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Tasie 2.—Climatological data for Weather Bureau stations, December 1939 


| le ja ie 
Pressure Temperature of the air Precipitation Wind 
leo lee | | i j j = 3 ] 
le le 3" | |* | | | | & = & Maximum 
District and station bic | | e@leg| og! >| 5/28) op!) & 
| SI" wolefic sis of Is in | Ziel 
Ft In In In Tae °F) °F, °F. In. | Miles |0-10) In. | In 
New England | 30,4) 73 | 2,88 | —0,5 
Eastport 73) 67) 29. 64) 29. 27.2) +0.9) 53) 3) 34) 27) 20) 28) 25) 20) 75) 3.71) O80) 14) 13.0) nw | 2] 8) 3| 20) 7. 2/16. 510.8 
Portland, Maine 103) 82) 117) 29.65) 20.78) —. 25) 29.0) +1. 4) 83) 3) 36) 3) 27 22} 21) 19) 69) 4.16) +.2) 10) 8.8) nw 31) 3] 13) 9} 9) 50/10. 2) 6.7 
Concord | 288) 72) 20.48) 20.80) 26) 27.4) +.6) 57) 3) 36) 28) 19) 2.58) 11) 64] nw nw | 8 8 6 17/671 92) 35 
Burlington 403) 11] 48] 20.35) 20,82) ~. 23) ~1,0) 47) 2} 30) —9) 28) 17) 27) 22) 17) 78) 1.75) —.1) 13) 10.4) 8 34) s 7] 4) 2) 25) 4) 66) 1.0 
Northfeld | 876) 12) GO} 28.84) 20.82) —. 23) 21.4) +1.0) 47 1| 28 14) 30] 19) 17) 85) 235) —.1) 2) 7.2) n 25! se 7| 5| 3} 23) 7. 9.4) 5.9 
Hoston 33) 62) 20.76) 20.79) —. 26) 83.4) 57) 1) 40) 6) 27) 26) 24) 29) 22) 65) 291) —.5) 8} 124) w 41) nw 7| 6) 18) 67) 65) 4.0 
Nantucket 12) 14) 90) 29. 78) 29.80) —. 25] 36.2) +. 4) 57) 1) 42) 12) 27) 80) 22) 33) 29) 77) 2.05) —1.7/ 10) 15.4) w | 11) 4) 13) 14) 6.7) 4.5] 26 
Block Island 20) 11} 20.79) 29.82) ~. 24) 35.8) —. 2) 57) 20} 42; 10) 27| 30) 24) 33) 27] 71 1.60) -2.2) 6) 19.3) nw 56) nw 8| 11| 8} 12] 5.2) 3.0) 2.0 
Providence 180) 215) 251) 29.75) 20. 82) 24) 34.0) +2. 4) 56) 20) 41) 27) 27) 25) 20) 23) 72} 312) —.3) 7) 125) nw. | 49] nw 8| 7) 7] 171 65! 65) 3.5 
Hartford 150) 66) 100) 29.81) 20.83) 24) 32.3) 55; 2 7| 27} 25} 20) 22) 72) 3.79} ~.2) 11) 9.2) nw 35) nw 8| 6) 7} 18 9.3) 2.5 
New Haven... | 106) 74) 183) 20. 83) 20. 85) 34, 2] +1.7 10} 41) 7| 27) 24) 20) 23) 60) 3.71; 9.5) nw nw. | 8} 10) 6.1) 4.6) 1.8 
Middle Atlantic | | | 37,4 +18 1,74) —1,.5 } lea! 
States | 
Albany ! | 202) 26) 40) 29.51 27.0; —1. 5) 48} 3) 34) 0} 27] 20) 25) 24) 19] 73) 1.53) ~—1.1) 11) 10.7) nw nw. | 14) 4] 8} 19) 7.4) 1.7 
Bingbamton | 871) 57} 70) 20,82) 20.87) —. 22) 30.0) +1.8] 54) 7) 37] —3) 28] 23) 31) 27) 23) 76) 212) 17) 7.7) nw 28! nw. | 7] 1) 23) 85} 3.9) 
New York | S14) 415) 454) 20. 51) 29. 86) 96.2} +1. 2) 50) 16] 43) 12] 28) 20) 20) 32) 24) 62] 1.22) 8} nw 60) nw. 9 14) 6.3) 3.8) 19 
Harrisburg ! 861) 80) 49) 29.53) 20.02] —. 20) 95.8) +8. 1) 10) 42) 12) 31) 30) 28) 32} 26) 69] 1.90) —1.1) 9; 9.8) w 34] nw. | 8} 4] 8] 19) 7.5) 5.3) 2.7 
Philadelphia | 174) 367) 29. 77| 20.90] 21) 38.1) +1.8) 63) 10) 44) 17) 27) 32) 30) 34) 28) 68) 1.18) —2.2) 13.3) nw nw. | 9| 16) 6.5) 29) 
Reading .... 283] 306) 20. 55) 29,01)......| 36.6) +4. 4) 62) 10) 42) 15) 27 28} 32} 24/ 61/270} —.9} 9) 13.2] nw 44] nw. | 3) 11) 7.3) 65) 25 
Seranton 805 72) 104} 20.90) 20,88) —. 22) 31.6) 7] 38) | 28) 24) 33} 20; 23) 71) 2.58) —.4) 12) 7.8) nw 32) nw. 3; 10) 18) 7.3) LO 
Atlantic City 62) 87) 172) 29. 84) 29.90) —. 20) 39. 1) +27) 61) 10) 46) 18) 27) 33) 26) 35) 29) 71) 1.33) ~2.6) 16.6) w 45) nw 8! 12) 10] 5.8) 20 
Sandy Hook "| 22] 10) 57] 20.85) 20. 87 46.0| 58} 10) 42) 14] 27] 30; 24! 33) 28) 73) 1.01] —3.0! 8} 16.6] w. 51] nw. | 6} 12) 13] 6.5! 2.8) 2.0 
renton 190} 89] 107) 29.68) 29. 89 ..| 36.0) +1.6) 61) 10) 43) 14) 27] 20) 26) 32) 25) 67) 1.49) —1.9) 12) 9.7] ow 31) mw. | 8} 6) 10) 15) 6.6] 4.9) 2.4 
Balttmore _| 128} 100] 215) 29. 92] 20.93) —, 20] 40.8] +3. 6] 70) 10) 47) 20) 27) 34) 28) 33) 28) 69 1.87) —1.5) 10] 11.6) sw 40} nw. | 8} 9} 8} 14! 6.2) 6.9) 3.3 
Washington 112} 62] 85] 20.81) 20.04) —. 19) 40.1) +3. 5] 67] 10] 47] 21) 28) 33] 30) 34) 26] 61) 2.20) —1.1| 11] 7.6) nw 34) nw. | 22) 6] 12] 13] 6.1] 4.4] 1.0 
Cape Henry "| 18} 8] 54) 20.98) 29. 95 .| 43.6) —. 1] 69} 19] 51] 22] 25] 37) 30} 38) 34) 73) 1.60) —1.8} 12.9] sw 40} nw. | 11] 12) 11 5.1) 1.8) .0 
Lynchburg 686) 144] 184] 20.23] 20.90) —. 15) 42.4) +2.9] 72) 18] 51! 22) 15] 34) 37) 35) 27] 61) 211) —1.2) 9} 8.3] n 35] nw. | 8} 11] 11) 5.3) 5.9) .0 
Norfolk “| 91} 80] 125) 20.87} 20.07] —. 16] 44.4] +1. 3] 69] 19) 52) 21) 25) 37) 25) 38) 33] 71] 1.15] —2.2) 8S! 10.0] w 32] nw. | 2} 9 13) 5.6) 3.3) .0 
Richmond 11] 62] 20. 78) 20.96) 18) 41.4] +1. 6] 69} 19] 51) 19] 25) 32} 35) 34) 20) 72) 1.50) —1.8] 8.5) sw 30} w. | 21) 15} 8} 
Wytheville... 304] 49) 85] 27.65! 30.00) —, 15] 37.0] +1. 7] 66) 18) 45] 17] 25) 28} 40) 32] 27) 75] 2.09} 11] 8.8] w 34] w. 7] 8} 7] 16] 6.3) 1.8] 25 
South Atlantic States 48,3) +0.9 73) 2,33; —1.1 1,5 
Asheville 12,258} 80} 104] 27.64] 30.06) —. 10} 40.0} +2.2] 70} 7} 50) 20] 22) 30) 42] 33] 28) 2.08) —1.1/ 10) 8.7] nw 34] nw. | 10) 10) 11/ 10] 5.2) 4.4) .0 
Charlotte 63} 86] 20. 19] 30.00) —. 16] 45.2] +-2.2) 70] 18] 54) 28) 25) 36} 32) 37] 32) 73) 2.56) —1.3] 12) 7.4) sw 30} nw. | 10 10| 13} 6.1) Ti 
Greensboro | 6] 56] 20.05) 30.01/......| 71] 18] 51] 19] 25) 30] 40) 34) 30) 76] 2.84] 11] 8.0] sw 26) nw 11! 101 101 1.0) 
Hatteras il) 5) 50} 20.97] 20.98) —. 15] 48.5} —1.6] 67| 19) 54) 32] 25] 42] 26) 44) 41) 78) 3.01} —1.2] 9! 14.5] w 41| n. 24] 14] 7| 10] 4.9] .0} .0 
Raleigh 103] 146] 20.61] 20.00} —. 15] 44.7) +1. 7] 70] 18) 53} 27] 25] 36) 28] 37] 32) 73) 2.24) —1.3] 12) 9.2i w 25] nw. | 11] 10} 11] 10] 5.1] 1.0! .0 
Wilmington 72| 73] 107] 20.94) 30:02} —. 13] 48.2] —. 9] 73] 19] 58} 25] 25) 39) 30} 43) 39) 77) 1.56] —1.2) 9} 8&8! nw 30| sw. | 13] 14) 10] 4.5] .0 
Charleston ? 48} 11! 92] 20.90) 30.04) —. 11] 51.4] 70] 10] 60] 33] 25) 43) 25) 46) 41] 75] 1.39) —1.3] 8] 9.5! sw 26] 26} 18] 4) 913.8) .0 
Columbia, 8. C 347| 70] 20.79) 30.03] —. 13] 48.3) +1. 1] 74) 18] 58] 28) 25] 38) 35) 40] 34) 72) 2.18} —.8} 9} 8.6] sw 27) sw 13} 8! 10] 4.6) .0 
Greenville, 8, C 1,040} 70) 78] 28.80] 30.01]......| 45.4] +3. 2] 71] 18} 55) 26] 30) 35) 34) 38) 32) 67) 4.36) 10} 7.1) sw 24] sw. | 20) 16] 7143) .0 
Augusta? 182} 62] 77} 20.57) $0.08) —. 13] 48.5) +. 4] 74] 18] 60) 27) 25) 38) 38) 40) 34] 65) 2.42) —.8} 8! 5.5) nw 22] w. 2) 18} 3} 10) 4.2) .0) .6 
Savannah ? | 65] 73) 152} 20.99] 30,05) —. 10) 54. +1. 7] 76} 18] 65) 31) 30) 44) 32) 44] 40] 80] 1.74) ~1.2) 6] 11.0] w 26) w. | 31) 20) 4) 3.4) .0 
Jacksonville | 43] 86) 110} 30.02] 30.06) —. 08) 56.8) +. 77] 19] 67] 33) 30] 46] 29) 50) 46] 76) 2.13) 7] 7.9) w 22} w. | 27) 15) 8) 4.1 ‘ol 0 
Florida Peninsula 66,4; —0,1 2,65) +0.8 3.7) 
Key West 21) 10} 64) 30.05) 30.05} —.03| 60.4) 81] 2] 76) 54) 31] 63} 21) 65) 63] 85) 3.70} +20) 5 4} ne. 26] n. 30) 15} 12} 4) 3.6) .0 
M lami 124} 168) 30.03} 30,06} ~. 05} 67.9} —. 1) 82) 20) 75} 47] 31) 60) 24) 61) 58] 77) 3.22) +1.5) 5) 83! n. 26) sw. | 29] 15) 9) 7/42) .0 
Tampa? $5| 88) 30. 06) 30.07} —. 05) 61.8} +.7] 79) 19) 71) 41) 31] 53) 27) 55) 63) 84) 1.02) —1.0) 10.2) n. 30 n. 29] 20 6) 3.4) .0 
Kast States +22 77| 3.53] | | | 
Atlanta 976; 72) 29.00) 30.04) ~. 12) 45.6) +.9) 72) 7] 56; 24) 30) 36) 42) 34) 70) 3.10)..._.. 7} 10.1) nw 2] e. 26] 16; 5) 10) 4.5 
Macon $70} 79) 87) 20.54) 30.04) —. 12) 48.8) +1.3] 75] 7] GO} 26) 15) 38] 42) 41] 36) 72) 4.92) +.9) 9) 6.3) mw. | 22] nw. | 23) 15) 5) 11) 4.7) .0 
Thomasville 2781 40) 20, 78) 30.00) ~. 06) 55.1) +2.6] 77) 66} 28) 30) 44) 31) 46) 41) ..| 294) —1.3) 19) 6} .0 
Apalachicola 35] 11] 51) 30.03) 30.07 66,6} +. 9} 78) 11} 65; 35) 30) 48} 27] 51] 49) 82) 3.40! —1.6) 7.6) nw. | e 26] 12) 9} 10) 4.6) .0 
Pensacola 149} 185) 30.03} 30.07; —. 08) 55.8} +1.8] 77} 8} 64) 33] 30] 47) 25) Si} 48) 82) 2.86) —1.8) 7.5) w. 35] 8 16) 9} 6) 3.8} .0 
Anniston. 0) | 46.6] +-2.4) 70} 18) 57) 22) 30) 36) 391) —L1 15) 6 10 T; 
Birmingham 630) 5) 55] 29.39) 30.07) —. 00) 48.8 t24 76} 58} 23) 30) 40) 28) 30) 35) 77) 2.82} —23) 6) 7.1) w. 29) se 23) 16} 5) 10) 4.7; T) 
Mobile 86) 161) 30. 04) 30.08) 54.8) 75) 1) 64) 32) 30) 45) 30) 48) 45) 84) 2.55, -2.5) 5) 8.9) nw. | 33) 26| 12| 9) 10) 4.8; .0 
Montgomery '........| 218 105) 20.80) 30.06) —. 10) 51.6) +2 7| 62) 28) 80) 42) 34) 42) 36) 72) 3.23} —1.6) 6] 6.7| w. 26| se. | 26) 16! 5! 101 4.4) .0 
Meridian ? 875, 67} 92) 20.73) 30.07) —. 09) 50.6) +2.9) 78} 7] 62) 23) $0) 40) 38) 41; 38) 82) 5.19) 7) 5.6) w. 23| w 13} 15) 3) 13, 4.9) T) .0 
Vicksburg 247] 82) 102) 29. 80) 30. 06) —. 09) 53 8| +-3.8) 78; 62) 30; 30) 45; 27; 46) 40) 68) 4.23) —1.1 9 8.3) sw. 34| w 23) 12) 13) 5.1) .0 .0 
New Orleans 88] 76) 84) 90. 04) 30.08) 05) 58.6) 79] 10) 67) 40) 28) 60) 27) 52) 48) 78) 2.74) 7) 5.3) w, 22] nw. | 26) 15) 9} 7 $4 .0 
Weat Gulf States | | | | 55. 9) | 73} 1.74) —1,3) | 42) 
Shreveport ? 92 2. 86 —.07) 54.4] 83} 64] 28] 20] 46) 32) 46) 41) 74] 4.91} 6) 11.7) sw 36) w 4.7) .0 
Fort Smith. 463) 82) 29.58) 30.07) —.06) 46.5) +4. 4) 74) 9} 56) 19) 29) 87) 31) 40) 33) 65) 1.57) —1.2) 4) 7.7) 25] nw. | 12) 16; 6) 9) 4.1) 27) .0 
Little Rock * 357| 102) 29.77) 30 06) —. 08 47.0] +-2.8] 76; 7) 55] 22) 99) 89) 31; 40) 36] 78) 1.41) —2.7; 6) 8.0) w. 26] nw. | 2] 13) 11) 4.9) .1) .0 
Austin 605; 68) 90) 29.41) 30.08)... 85. 6) +4. 6] 82) 6) 68} 28) 20) 43) 38) 47) 70) —1.9) 4) 6.4) nw. | 24) nw. 23} 17| 6 8| 3.8) .0 
Brownsville 7} 88] 06) 30.04) 64.6) +3. 4) 85) 23) 74) 34] 99) 55) 34) 57) 54) 82) .42) —1.1) 10.0) s. 83) s. 22} 8) 15) 8-6-1) 20) 
Corpus Christi?....../ 20) 11) 78) 30.08) 30.07! —.08) 61.8) +3. 8) 81) 12) 69) 35) 29) 64) 27) 54) 50) 80) 2.06) +. 6} 9.6) s. 27| 8. 13) 10) 5.2) .0 
Dallas *.. 512) 220 227) 29. 53) 30. 06)... 52. 8) 63) 24) 20) 42) 31) 43) 37) 69) .65) —1.7; 4) 11.6) w. 43) sw. | 23) 21; 3) 7/ 3.1) .O} 
Fort Worth 679) 92) 110) 29.81) 30.07) —,05) 52.6) +5. 1) 82} 7] 65) 22) 29) 41) 37) 44) 37] 63) .68) —1.2) 3} 9.3) w. 38| nw. | 19! 6} 2.8) .0 
Oalveston 106) 114) 30.97) 30.08) —. 04) 50.8) +3.4 76) 66 35] 20) 54) 22) 53) 50) 82) 2.31) 7 8. 27) n. | 16) 10; 5) 3.8) .0 
Houston 138 157| 190] 30.01) 30.09)... 59.0} +4. 6} 83) 10) 68} 20) 29] 60) 27) 46) 78 2.62) —1.6) 6) 9.6) s. 25} w. | 11) 13) 7/45) .0} .0 
Palestine. . 510} 64) 72) 20.54) 30.08) —. 04) 54.6) -+4.7/ 81) 7) 64) 23) 20) 45) 30) 40) 64) 2.05) —1.6) 3 7.41 8. 27) w. 23; 18; 4) 9 40) .0 
Port Arthur | 34) 59) 134) 30. 04) 30. 08)....--| 11.8} 3. 38) ne. | 25) 11) 12) 8) 4.7) .0 
San Antonio * @93! 29.46! 30.08! 58.8! +5.1! 85! 11) 70; 32! 201 47] 34! 40! 42) 66! .89) —.7) 4) 10.3! s. 37! nw. 94.5) ‘ol 
Bee footnotes at end of table. 
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} | | Ig! Ig 
Pressure Temperature of the air Precipitation Wind | 
igs 
= | 
o |» |e low > e | | & 

Ohio Valley and Ft. | Ft.| Ft.| In. | In. | In. | OF.) °F. oF.) °F. |°F.|%| In. | In. Miles | lo-10 In, | In 
Tennessee 38,9) +2.3 76) 2,11) —1.4 | | | 6.5 

Chattanooga 762} 71) 214) 20.31) 30.06/—0. 10) 45.1) +1.8) 72) 54) 26) 30) 36) 37) 38) 33) 74) 3.39) 8.1) w. 26) w M4) 6 11| 4.9] 0.2) 0.0 
Knoxville 995} $4] 28.98) 30.05) —. 11] 42.4] +2. 1] 68) 19) 51) 23] 22) 34) 36) 36) 32) 74) 3.18] —1.3) 10) 6.5) w. 21| w 13) 13) 12) 5.2) T) .0 
Memphis 399; 78) 86) 20. 74) 30.04) 11] 46.6) +3.0) 75) 7] 53) 26) 31] 40/ 24) 40) 36) 70) —1.6) 8) 8.4) sw. | 27) ow, | 12) 6) 14) 
Nashville ?........---- 546| 168! 188) 29.38} 30.04) —.11) 43.6) +2.6) 72} 52) 21) 31] 35) 37] 37) 32) 72) 2.68) —1.5) 8) 8.9) w. 25| nw. | 12) 12) 5.3! T) 
..----} 36.6) +. 8} 65} 7] 45) 10) 25] 28) 2.35} —1.4) ...| 10) 4) .4 
Louisville 525} 106} 120) 29.42} 30.02} —. 12] 38.6] +1.0) 67| 7| 46) 9) 31] 31] 33) 33) 28] 75) 2.43} —1.3) 9} 9.9) sw. | 28) sw. | 16) 10) 5) 16) 6.4/15.0) 3.5 
Evansville_.......... 431| 76) 116} 29. 55) 30.03) —. 10) 38.8) +1.7) 68) 10) 46) 31) 31) 27) 34) 29) 71) 1.81) 9 9.6) sw. | 25) sw 12) 7| 8 16) 6. 3/11. 2) 1.8 
Indianapolis 98) 129) 29.09) 29.98) —. 14) 36.1) +3.9) 60) 12) 43! 31) 29) 28) 30) 27) 80) 1.13) —1.8) 6) w. 25| nw. | 7| 6| 10] 15] 6.7| 5.5) 3.7 
Terre 575, 63) 149) 29. 36| 30. 00)...... 63| 18} 45} 31] 20) 29) 32) 27) 1.49) —1.4) 6) 10.1! sw. | 25] mw. | 13) 8] 8) 15] 6.3) 5.8) 24 
Cincinnati 627| 13] 51) 20.45] 30.00] ~. 13) 37.4) +-3.0] 65) 7| 44) 30) 31) 33) 29) 1.41) —1.6) 9.5) sw. | 24) w 7| 6} 16] 6.2) 32 
Columbus 822; 90 110) 29.06) 29. 97 35.8! +3.4] 42) 6) 30; 29) 31; 28) 80) 1.20) 11.3) &. 30) sw. | 16) 3) 23] 7.8) 3.1) 2.4 
900| 186) 28.90) 29.97)... 35.8) +3. 2) 50} 42) 4) 31) 20] 28) 32) 27) 74 46} 10} 12.0) sw. | 32) ow. 7| 6| 6 10) 7.4) 5.4) 3.3 
1,947) 65) $3) 27. 82} 29.99) —. 13 34.81 -+2.1| 66] 19] 44) 26, 39) 26) 77 2.54) --.0} 17; 8.1) w. 30) w. 7| 5) 21) 7.7) 6.9) 1.7 
Parkersburg... 637| 84] 20.29) 20.99) —. 15) 38.2) +3.0) 19] 46) 11) 31) 30) 34) 34) 29) 76) 2.04) —1.0) 12) 7.5) sw. | 30) w. 7} 9} 5) 17| 6.5) 3.0 
Pittsburgh 39 28, 55| 20.94 —. 19] 34.5] -+.3] 19] 41| 8] 31/ 28; 30) 31| 27) so 1 66) —1.2} 17} 13.1) sw. nw. | 7] 4] 22) 7.8) 5.2) 2.4 

Lower Lake Region 31.9) +2.6 80 —0.6) | 

| 
Buffalo 268} 243] 280] 29. 08| 29. 87) —. 19) 32.3) 56) 19) 38} 8} 28] 32) 20) 26) 82) 3.00) —.4) 15) IR 2) w. | sw. | 7] | 8) 22) 8.3) 87) 43 
448) 10) 61) 29.34) 20.83)......) 22.4) —.3) 50) 2) 30/—17) 27) 15) 28) 21 19) | 3.47) +.8} 20) 8.9) sw. iw. | 7 3| 4) 24) 8. 4.5 
836) 77) 100) 28.94) 20. 86)....--| 30.2) +1. 2) 57) 7) 37) —3) 28) 24) 20) 28) 2 | 2.76) +.4) 14) 21.1) ow. | 33] nw. | 8] 2) 4) 25) 86 5.2) LO 
Oswego. 385] 71) 86) 29. 47) 20.85) —. +.7) 53) 36) —4) 28 25) 22) 71) 3.17) —.3| 17) 11.7) nw. | 34] nw. | 7| 4) 28) 85) 5.3) 24 
Rochester ?...........| 523} 102) 29. 25| 29.87) —. 31.8) +2. 5) 56) 7) 37) 26) 24) 28) 26) 86) 1.97) 15 9.7) w. 34) sw 7| 2) 27) &7| 2.6) 1.0 
Syracuse 596} 65) 70) 20.40; 29.86) —. 21) 30.4) +1. 4) 65) 7) 37| —2) 28) 24) 31) 20) 28 3. 151 +.1) 30} mw. | 8) 2 7| 22) 84) 38 
714) 57| 82) 29.11) 29.80! —. 18) 35.3] +3. 4) 60) 19) 41) 12) 30) 29] 32) 29) 78) 2.96) 15) 10. 5| 8. 26) sw 8) 23) 86) 7.6) 1.4 
Cleveland  762| 267] 29.04] 29.92) —. 17] 25.9] +4. 7| 62| 18) 12] 31) 28) 31/ 27| 80) 1.17) —1.8) 16) 17.4) sw. | 49) nw. | 7) 0) 6) 25/86) 3.9) .8 
629] 67| 29.23) 2.93) —. 16) 34.8] +2.6) 60 18| 40| 31| 20) 1.40; —.9} 11) 10.8) sw. | 29) nw. | 7) 3) 3} 25) 86 23) 1.2 
628, 79) 87| 29. 29.93) —. 15) 34.0) +3. 6) 56) 18) 39} 31] 20} 23) 30) 26) 78) .98) —1.4) 12) 11.6) w. | 7) 6 1917.4; 25) .9 
Fort Waync.......--.| 857} 69) 84) 29.02) 33.0} +3.3| 55; 9) 39} 3) 31] 27) 26) 29] 26) 83 —1.6) 10) 11.1) w. 31) nw. | 7) 5} 18) 7.2) 38) 2.8 
626) 5! 29.21, 29.90) —. 33.4) +4. 1) 54] 30) 8) 31] 28; 21) 31) 27] 79) 1.02) —1.3, 13) 12.5 | sw. 34) nw. | 7! 5} 23) 8. 3) 1.9) 1.0 

Upper Lake Region 30.7; +6.8 79; 1,08 | | | 7,2) 
600} 89) 20.17) 29.85] —.17! 30.0] 45.2) 52) 35} 31] 25] 22) 28] 26) 78) 1.28) 13) 11.8) nw. | 42) mw. | 7) 2 9) 20) 7.7/3.5) 1.6 
612] 51) 72) 20.20] 29.88) —. 15) 29.4] +7. 0) 56] 9) 35; 30) 24) 20) 28) 24) 80) 1.53) —.2) 11) 11.8) nw. | 39) nw. | 7) 3) 10) 18) 7.6) 4.5) 1.6 
Grand Rapids 707| 70| 29. 13| 29.90) —. 15| 34.0] +5. 5) 55| 18] 39) 11| 31| 28; 20| 26) 1.00) —1.5) 12) 12.3] sw. | 36] sw. | 19) 8 21) 7.3) 4.5 
878} 90} 28.94] 29.90]... | 31.8] 44.6) 53] 18] 37| 6) 31| 26] 30) 27| 86] —1.2} 10.0) nw. | 20| nw. | 8) 20) 7.7) 29) 20 
Marquette. 60] 29.05, 29.86) —. 16] 30.2) +7.6) 57} 9| 36) 30) 25) 22) 28) 25) 83, 2.58) 14) 9.3) mw. | 28) sw. | 6) 3) 10) 18) 7.5/15.7) 68 
Sault Sainte Mariei..| 724} 33| 29.03] 20.84] —.16] 25.31 44.8] 47| 9| 0, 31| 19} 20) 24) 21| 82) 1.18| —1.2) 10) 9.0) se, | mw. | 24) 4) 8) 19) 7.5) 4.7) 21 
673} 131) 20.20] 29.95] —.13|-36.0} +6. 2) 57} 9] 3) 31) 29} 10] 26) 70) —1.1) 3) 11.6) mw. | 33) sw. | 19) 17) 6.6 .5) .0 
Green 617| 109} 29. 20| 20.80] ~.15| 30.9! +8.6] 55| 9] 36] —1| 31) 25] 21) 28! 23] 73) .68) —1.0| 6) 11.2) mw. | mw. | 7) 7) 17) 68) 1.2) .0 
Milwaukee 97| 221) 29. 16) 29.93] —. 13) +7.7) 56) 9| 39) 2) 31] 28) 20) 29) 24) 74) 2 12.9) nw. | 38) mw. | 7) 7) 7) 17/67) 
1, 133 47| 28. 64| 29.91! —. 14) 26. 5/-+10.6| 56) 6) —8| 31] 19) 25) 26) 20) 80) .22) —.9 4] 13.7) mw. | 48) mw. | 12) 9 8) 14) 5.8) 1.3) T 

North Dakota | 25. +13.8 76| 0.42) —0.2) | | 6.3) 
Moorhead, Minn... 940! 50) 58) 28.98) 30.00) —. 08} 25. 65) 6) 34) 30) 16) 41) 21) 17) 78) . 30) —.3 8.3} 5. 20| nw. | 6 9 16 7.0) 2.2) 1.0 
Bismarek............. 1,677 57| 28,20) 30.03 —.05) 27. 7/+-13.0) 66) 6) 38) 29) 18) 41) 23) 17) 71) .26) —.3) 8) 7.4) w. 38} nw. | 1) 9 9) 13) 6.1) 3.9) 3.0 
Devils Lake 4 28, 35) 29.98) —. 08) 24. 5/+15.0) 64) 6) 33-13) 30) 16 22} 84] —.2} 6) 8.5) w. 35| nw 16) 5} 7| 19) 7.0) 2.0) 1.4 
Grand Forks.......--.| 882) 1) 23.4]4+12.8} 58] 6) 32)—10) 30] 15} 36 2 19 nw. | iva 7 
1,878} 42) 50! 27.96) 30.00] —. 06) 28. 4/+14. 6] 63) 6) 31) 19) 35 19] 72) .60) +.1) 9} 7.2) sw. | 34) nw 13} 11} 5.2) 3.2 

Upper Mississippi 34,0) +-7,0 73) 0.68) —1,0 | 

alley 

Minneapolis-St. Paul, | hice 
Minn.! 838) 32} 61) 29.04) 29.97) —.11) 27.6 +8.0) 63) 6) —4) 31) 19) 36) 24) 20) 75, .97) 5) 10.3) mw. | nw. | 7 9 6 16 63 4.8 26 

La Crosse ?...........| 714) 11] 48} 20.21) 20.96] +8. 2) 55] 6] 38) —2) 31) 22} 28, 25) 22] 78) —1.0) 2) 6.2) s. 22} nw. | 7] 8 8 156.2) .5) T 
70| 78} 28.98] 20.94) —. 14] 31.8] +09.0| 54) | 38] —1| 21] 27] 23| 76) —1.4/ 96) nw. | 30) mw. | 7 8 9 14,64) .0 
Charles City_.........|1,015| 10} 51) 28.87| 30.00) —.10| 20.2} +8.8] 61| 16| 39] —1| 31/ 35) 25) 21| —.9| 6.4) nw. | 19) nw | 12) 5.7} T 
Davenport......------ 66! 161) 20.31) 20.99) —.11| 34.8) +7.7| 64) 18] 43) 27) 27) 30) 24 —1.4) 2} 10.5) nw. | 33) nw. | 7) 9) 11) 1, 6.5 
Des Moines 860} 99) 28.94) 30.00) —.11| 34.0) +8.0) 69) 6] 44) 0} 31] 24) 40) 28) 22 5) 9.3) mw. | 33) mw. | 12) 11) 8) 12) 5.5) 4.2) 3.2 
Dubuque. 699; 79| 20.20) 20.97) —.13| 23.2) +8.5| 58] 2) 31) 26, 30) 20) 23) 69) .24) —1.2) 3) 47) mw. | 22) mw. | 7 10) 8 13) 5.8) T) .0 
614) 64) 29.34) 30.01} —.11/ 36.1] +6. 5) 68] 18] 45) 31| 28] 30) 31] 24) 67) .34) —1.1) mw. | 24) mw. | 12) 10) 9) 12) 5.5) 5.9) 3.8 
Cairo. 358} 93) 20.65) 30.04) —.11| 41.7) +3.9) 50) 11) 31] 34) 28; 36) 31) 1.75) —1.6 6 0-9) sw. | 25) ne. | 23) 9) 6) 16) 6.21.9) .6 
609, 11] 45] 20.26) 29.00) —. 12).83.9) +5. 8] 18) 43} 31) 25) 28) 28) 25) 80) .61) —1.2) 5) 6.5) s. w. | 19) 14) 7) 10) 4.8) 8.0) 3.8 
Springfield, 636} 191] 20.32} 30.00) 12) 36.2) +4. 5| 63] 18) 44) 20) 26) 29) 26) $4) 1.09) —1.1) 6) 11.9) mw. | 20) nw, | 13) 11) 13) 6.8) 6.9) 3.7 
568) 179) 303) 29.40) 30.02} —.11| 30.4) 44.5) 72) 9) 47) 4) 31| 82) 31) 34) 28) 66) 1.43 7; 11.9) nw. | 26) nw, | 19) 9) 13) 5. 41 

Missouri Valley | 36.3) +7.9 69) 0,77; —0,4 | | | | 5.4 

Columbia, Mo.?_..... 784| 66) 29. 17| 30.03} ~.09| 38.2] +5.0] 71] 18| 31] 20) 32) 731 1.16] w. 25] nw. | 13) 10) 12) 6.0) 7.0) 3.8 
Kansas City !........- 38| 29. 20| 30.03] —. 09] 39.4] +6.9| 74) 6] 48! 7| 30; 41/ 26/65) .68} —.6) 6) 9.7) sw. | 34) mw. | 10) 12) 5.6) 4.1) 1.4 
St. Joseph 967] 11} 49) 29. 14) 30.03)... | 88.0} +8.4) 72) 47) 6) 20) 29) 37) 31) 26) 75) 6) mw. | mw. | 12) 13) 11) 5.0) 3.5) 2.2 
Springfield,  78| 28. 57| 30.04! —.00| 40.8| +4.6| 72| 49| 20 32) 35) 33] 1.66) 4] w. 26| nw. | 12) 10) 5.2) 7.0) 4.5 
987, 65) 87) 28.96) 30.04)..... | 39.7] +7.7| 77| 6 4| 29] 30) 38] 33) 25) .74 —.2) 83) w 25) nw. | 12] 12) 13! 6) 4.9) 4.5) 2.7 
1, 189} 11 $1) 28. 74) 30.05) —.07) 36.0) +8.4) 75) 6) 46) —5 196! 38| 27; 21/67; +.1| 8.6) nw. | nw. | 2) 10) 13) 5.1) 8.0) 5.0 
982, 31} 44] 28.96) 30.04) —.07} 34. 2| +7.8| 72| 6| 44! 24! 40) 20) 23) 70) .62) —.3) 6) 9.2) mw. | nw. | 12) 7) 11) 13, 6.0) 84) 5.8 
Valentine............- 2,598} 47) 27.27) 30.06) —. 04).34. +9. 6) 76) 11| 46] —8| 28) 22} 39) 28) 20) 64) . 77) 6) 82} nw. | 1) 17) 5) 4.9) 9.1) 7.0 
1,138! 64) 28.78) 30.03) —.09)-32.4! +9.3] 71) 6) 43| —1| 31) 22) 28| —.6, 5) 89) nw. | 40) nw 1| 8 10) 13) 6.0) 2.7) 1.7 
Huron 2801 27| 41! 28.621 30.04! —.06! 20.8/+11.1! 71! 61 41!—10| 181 46) 24) 18, 71) 115! 5, 11.4) nw. | 50) mw. | 12) 12! 915.4) 1.8) 


See footnotes at end of table. 
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a 
inotruments Pressure Temperature of the air Precipitation Wind = 4 
ie le A 1A ale asa < 2 1A la 
Fi. | Ft.| Ft.| In. | In. | | OR.) OF. OF °F °F. In. | In. Miles 0-10| In. | In 
Northern Slope 33,0) +9.3 64] 0.64) —0,1 6.5 
Billings. ....... 870) 17| 31} 26.31) 30. 06)...... 37. 68) 5) 47 1} 26] 28) 35) 31} 20) 54) 0. 4; 13.1) sw. 43) nw. 4] 12] 15) 7.2; 21) T 
11) 67) 27.32) 30.02) —.03) 32. 71) 43;—17| 27] 22) 42} 26) 19] 62) .90) +.4 6} 10.4] sw. 38] sw. 11} 9} 13) 5.9) 8.1) 3.0 
4,124) 85) 111) 25.81] 30.10; —.03) 33.6] +9. 4) 63) 10] 42 1} 28} 26) 27) 28) 21) 62) —.4 8 6.7] sw. 31) w. 3) 3] 25) 8.3) 2.7) .1 
3,263; 80) 91 ..|----..| 33.4) +8.9) 54) 6) 39 6} 28) 28) 25) 30; 28) 87) 1.94) +.8) 14 5. 8] se. 32) w. 10} 5] 24) 8.5) 5.1] 3.5 
Kalispell ‘ 2,073) 48) 56) 26.98) 30.11) +.04| 31.4) +6. 5) 52) 6] 38) 27] 25) 22) 30) 27] 83 04; —.5) 18) 4.4) nw. 23) sw 11} 2} 7] 22) 8.0) 6.2) 1.7 
Miles City 2,371; 48) 55) 27.22) 30.06) —. 04) 31.0)4-10.9) 71] 5) 44/—13] 28) 20) 40) 26) 19] 65) 7] 6.5) s. 35) nw. 1] 4] 14] 13) 6.6) 2.9) 2.0 
Rapid City 3,250; 50) 58) 26. 65) 30.06) —. 03) 36.6) 79] 5) 48} 3) 28) 25) 43) 27) 17) 57) .31) —.1 5} 8.1) nw. 35) n. 18] 9) 4.6) 2.7) 1.3 
Cheyenne !....__. 144 5| 39) 23.04) 30.07; —. 02) 35.0) +6. 5) 69] 5) 48) 28) 22) 42) 27) 15) 47) —.3) 4) 13.7) nw. 47| nw. | 16) 16) 8) 5.7; 3.6) T 
Lander. . 352} 60) 68) 24.67) 30.12) —. 03) 31. 4)-+11. 0) 64} 10) 45) 28) 18} 30) 24) 16] 58} .07; —.6) 4 4.9) sw. 31) w. 17} 18) 4,49) T 
10) 47) 26.10) 30.00)......| 33.8}......| 48] 28] 19] 51] 26] 17] 56) —.4 9 5. 2) nw. 29) nw. 1} 18) T 
Yellowstone Park... 235) 12) 46) 23.92) 30.23) +-. 07) 20.0) +-9.6) 58! 6] —7| 28) 21 25; 19) 69) .04) +.2) 16) 8.5! s. 31) w. 2] 3] 19) 7.3/13.9) 6.1 
North Platte 2,821) 11) 27.11) 30.10; .00) 35.0) 48.3) 76) 6) 48) —7| 28) 22; 46) 25) 18) 66) .64) +.1 5 7.0) nw. 30} nw 1} 9 11) 11} 5.2) 7.9) 3.5 
Middle Slope 40,2) -+6,7 55) 0,66; —0,2 4,2 
Denver ?......... 5, 202) 106) 113) 24.71) 30.07) —. 01) 40.8] +8. 5) 70) 53) 6) 27] 20) 37] 28) 16) 46) 0.26; —.5) 8.3] s. 28] ne. | 31] 11) 13) 4.9) 0.0 
Pueblo? ..... 600) 79) 86) 25.19) 30.11) +-.03) 36.5) +5.0) 78) 5) 53/—10) 27) 20] 52) 25) 14) 53) —.1 4 5.2] nw. 26) w. 8} 15) 11) 4.0) 5.3) T 
Concordia..... ....}1, 302) 50) 58) 28. 54) 30.06) —.05) 37.2) +6. 5) 76) 6) 48) 29) 26) 36] 30) 60} .54) —.1 5 7.3) w. 26) nw. 1} 14; 10} 7| 4.3) 4.8) 3.0 
Dodge City........ 2,500; 10 86) 27. 30.07; —.03) 39.4) +6.8] 81) 6) 52) 28] 27] 48] 30! 19) 52) +.3 3} 11.1) nw. 36) n. 12) 13) 12) 6) 4.3) 4.6) 14 
Wichita 1,358) 85) 93) 28.53) 30.04) —.07) 41.1) +6. 5) 75) 11) 52 5} 20) 30; 35; 32) 23) 50) .95 -O} 4 8.9) nw. 24) nw. | 12} 20) 3) 3.5) 5.0) 1.0 
Oklahoma City 4......|1, 214) 10) 47| 28.65) 30.06) —. 46.3) +7.0| 77) 6) 56; 17) 28) 36) 35) 36) 28) 59) .93) —.6) 4 9.1) nw 30) n. 12} 13) 11} 7} 4.3) 3.0; T 
Southern Slope 48,6) +4,5 60] 0,98) +-0.1 3.5 
Abilene ?..... \1, 788} 10) 56) 28,22) 30.07) —. 04) 49.9 +3. 9) 83) 11] 62) 10) 20) 38) 40) 39 63; .79| —.6) 4 8.3) s. 23] w. 23; 18; 6) 7| 3.6) 5.5) .0 
Amariito 676} 10] 49) 26.36) 30.08) —.01) 44.0 7.0) 83) 6) 57 6} 20; 31; 41) 30; 21; 60) +.2) 5 83) w. 21; ne. 12} 19) 3.1/10.4) 1.9 
060; 63 71) 20. 06) 30.06; —.04) 55.3] +3. 1) 83) 10} 66) 29) 20) 44) 35) 47) 39) 62) 1.47) +.8 3 6.2) nw 25) e. 25; 14; 914.7) .0 
|3, 566 75) 85) 26.42) 30.08) +. 01! 45.1) +3.9) 81) 10] 61) 17) 20) 30 36} 25) 53) .70 -O} 4) 6.2) s. ne. 12] 21} 2) 2.5' 2.0; .0 
Southern Plateau 46,9) +6,2 55] 0.14) —0,7 2.5 
3,778) 82) 101) 26.11) 30.08) +.05) 49.4) +4.5) 75] 9} 62) 24) 20) 37) 36] 38) 20) 55) .19) —.3 2 6.9) w 31} nw 22} 23; 5) 3} 2.1) .O 
Albuquerque 314 34 80) 30. 10) .....| 40.0) +5. 5) 65) 10) 58) 14) 27) 27) 34) 32) 24) 58) .10) —.4 2 6.7} ne 30) 25; 21; 6 413.0) .3} T 
Santa Fe_.......... ..|7,013) 38) 53) 23.27) 30.13) +.07| 36.8) +6.1) 63) 5) 48} 3) 27] 26] 30) 28] 19) 54) .57) —.2) 5 6.1) 18] n 29; 17} 11) 3) 3.0) 4.8) 1.0 
907) 10) 58) 23.30) 30.06} 0.00) 37.0) +8. 6) 65) 10) 54 7} 26) 20; 43) 20) 23) 64) .03) —2.0 1 6.8) DW 24; nw. | 27) 19) 9} .0 
Phoenix 107) 39) 51) 28.90) 30.02) —.02) 57.6) +5.6) 84) 8} 72) 31) 27] 43) 37] 45) 36) 55) T | —1.0) 4.4) 17| w 22; 18; 6) 3.4) 
141; 54) 20.89) 30.04) —. 01) 61.0] +5.8) 82) 8) 74) 36) 27] 48) 30) 49) 36) 43) .00} —.5) 5.5) w 23] nw. | 25) 28) 3) 
5) 26 06} 30.13) +.01) 46.8) +7. 5) 73) 4) 61) 25] 26) 32; 37) 36) 20)...| —.7 n 17/ 8. 
Middle Plateau 37,7; +7.5 65) 0,43) —0.6 5.6 
4,527) 61) 76) 25.66) 25.66) 30.14) 41.2) +4-7.9) 67] 16) 53! 14) 26] 30; 40) 34) 27) 65) .34) —.6) 5.2) w 10} 13; Of 3} 
Winnemucca. 344; 18) 56) 25.70) 30.16) —.02) 37.2) +-7.2) 70) 10) 50 2) 25] 24) 43) 33) 27; 70) .94) —.1 9} 6.6) ne. 30) s. 10} 7} 16) 6.5) 2.1) .0 
473) 10) 43) 24. 70) 30. 13) +-. 01) 36.1) +8. 0) 63) 15) 51 7| 27; 21; 41) 30; 22) 61) .08) —.8} 2) 8.0) w. nw. | 18; 9 10) 12) 5.6) 1.1) .0 
Salt Lake City 32] 46) 25. 84) 30.19} +. 04) 39.0 7. 1) 68) 10] 48; 9) 28) 30); 27) 26) 71; .66) —.8| 7 5.6) nw. 25) nw 11; 8} 10) 13) 5.9) 5.6) .0 
Grand Junction 60} 68) 25. 50) 30. 16) +. 04) 35.0) +7. 5) 50] 11) 48} 28] 22 29 20) 57; .13} 2) 4.4! se. 23] nw. | 11) 15) 7] 9) 4.3) 1.4) .0 
Northern Plaieau 38,1) +7.5 78| 1.77; 0.0 8.1 
3,471) 86) 54) 26.61) 30.15) —. 01) 36.0) +8. 7] 60) 10) 44) 5) 25) 20) 27) 32) 28] 70) .85) 16) 5.8} se. 25) sw. | 16) 3] 9] 19) 7.81 2.8) T 
...|2, 730] 79) 87) 27.24) 30.17) —. 03) 40.2) +8. 1] 70) 10) 48; 16) 26] 33] 27| 35) 32) 70) 1.39) 17 5.1) se. 25) se. 10} 3) 7| 21) 7.9) 1.5) .0 
Pocatello 478 5} 31) 25. 57) 30.19) —. 01; 34.2) +6. 5] 63) 10) 45) 28] 23) 40) 30) 24) 71) 7; 8.5) sw. 45) w. 2} 9 20) 7.8) 1.3) .0 
Spokane? 920) 101) 110) 27.97] 30.09) 37.0) 4-6. 5) 60) 10) 42) 20) 24) 32) 26] 35] 32) 82) 2.83) +.6) 17) 6.2! s. 20) 8. 15} 4) 23) 8.3) 3.9) 2.9 
Walla Walla........ 901; 57} 65) 20.00) 30.00) ~—.03) 42.8) +-7. 3) 68) 10) 49 26; 36; 30] 39) 35) 77| 2.35) 1 5. 5) s. 24) w. 1} 25) 9.0) 1.2) .0 
58) 67] 28.92) 30.00 .-| 38.4) +7.7| 58) 15] 45) 18) 25) 31) 31] 36) 32) 77) 1.44) 13) 4.1) nw. 29) se 30; 4] 3) 24) 8.0) 3.1) 1.2 
North Pacific Coast 
Region 46,7) +5.1 9.81) +2.6 8.8 
North Head..........) 20) 56) 20.74) 20.06) 48.6) +4.5) 61) 4) 52 24] 45) 13) 47) 45) 89/12.75) +3.3) 26) 19.9) se 70) s. 14] 2) 6] 23) 8.0) .9 
Seattle 125) 90) 321) 20.96) 30.00) —. 01) 47. 5) +5.8) 65) 4) 52 24) 43; 15) 44) 42) 86/10.41/ +4.8) 20) 10.2) s 42) sw. 8} 2) 5 24) 8.6) .0 
Tacoma 268) 172) 201) 20,79) 30.00) ~—.01) 45.9) +5.3) 65) 4) 51) 26) 25) 41) 15)... 8.31) 41.6) 21 7.9) 34) s. 15] 6) 25) 9.1) .0 
Tatoosh Island 86) 55) 20.80) 20.80) —.07) 48.3) +4. 4) 57) 4] 51) 40) 24) 45) 13) 46) 44) 84/14.81) +1.4 22. 0} e. 61) s. 8} 2) 4) 25; 8.5) .0 
Medford ! 328) 20) 68) 28.67) 30. 42.5) +5. 1) 62) 31) 49) 25) 30; 41] 30) 88) 6.71) +3.6) Of 4) 27) 9.1) . 
Portland, Oreg .......| 154] 68) 1 29. 98; 30.03) —.04) +5. 2) 62) 4) 51; 28) 25) 42 44| +42) 88) 8.37) +1.6 6.0) se. 22) s. 14] 1) 4) 26)9.1) .0 
Roseburg ..... 510) 45) 76) 29. 50) 30.05) —. 06) 47.5) 64) 8) 54) 29) 25) 41) 20) 45) 42] 83) 7.34) +20). 19) 3.5 22) se. 7] 5) 25) 9.0) .0 
Ceast 51.9) 75) 5,85) +1.1 7.6 
Eureka...... 60} 72) 88) 30.01) 30.08) —. 04) 52.6 1) 58} 36) 25] 46) 19) 49) 46) 81/12.13) +5.8) 16) 7.5) se 35) 8. 3) 5 8.3) .0 
Redding !.............| 722] 20) 34] 20.34) 30.12)... 49.9) +3.8) 74) 2) 57) 36) 26) 43) 34) 45 69} 9.07) +3.5) 14) 6.9] nw. 42) se. 10} 7} 3) 21) 7.4) .0 
Sacramento ?. ........ 66} 92) 115) 30.10) 30.12) —.02) 49.8) +3.6) 68) 2) 58) 33) 25) 41) 28) 46) 42) 76) 1.15) —1.9) 7) 6.4) n. 32} se. 10] 5) 8] 18} 7.1) .0 
San Francisco........| 155} 112) 182) 20.04) 30.11) —. 01) 55.3 . 0 3) 60; 44) 25) 50} 18) 51) 47) 75) 1.05) —2. 10} 6.0) n. 34} s. 10} 6! 3) 22) 7.5) .0} .0 
South Pacifie Coast 58.4) +5, 4 0,32) —1,6 4.5 
$27; 97) 105) 20.82) 30.14) +. 01) 49.9) +3. 7] 74] 10] 61] 30) 25 46) 41) 74) —1.3) 3) 43) se. 23) nw. | 19} 3) 10) 18) 7.3) .0 
Los Angeles...........| 338] 150) 191) 29.69) 30.05) —. 02) 64.2) +7.6] 88! 74) 45] 24) 54) 31! 53] 44] 54) —22) 4) 68.1] ne. 18} se. 23; 20; 7] 412.9) .0 
San Diego *........... 62) 70) 30.01) 30.04) —. 03) 61.0) +5.0) 80 70] +45) 26) 52) 28; 54) 50) 75) .48) —1.4 5.0) nw. 24) 8. 23; 17; 9} 5) 3.3 -0 
West Indies | | | 
San Juan, P. R....... 82; 54) 20.01) 30.00)...... 76.9} -+-. 6) 86) 31) 82; 70) 3) 72) 4.72] 15 0.0) 29! e. 2) 25] 4) 5.7) .0 
Panama Canal 
Balboa Heights. ...... 118; 6) 92/...... 229.83) +. 02 80 6| 90) 12) 74| 16).... 6. 23 +16) 13 6. 2) nw. 21| n. 24 10 6.8) 
$29.85’ +-.01' 80.6' +.7! 88 85: 76 76' 75'985'17.08' +5.5' 26' 9,4' n, 35! w. 6 4! 27' 8.6 
See footnotes at end of table, 
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TaBLE 2.—Climatological data for Weather Bureau stations, December 1939—Continued 


instruments mperature of the air 8 Precipitation Wind z a 
|2 8 gs 
|s It + |g S| eis a | Maximum n 
District and station| | | Selec! og Se] o> 
Alaska 
Fi. | Ft.| Ft.| In In In, | °F.| °F. °F.) OF. °F °F. °F. (°F.| In. | In. Miles 0-10) In. | In. 
Fairbanks. _.......... 454; 11) 87/#28. 92/429. 47)_..._- 0.0} +7. 0) 42) 22; 8|—28} 38) 0} 80) 0.05) —.6) 2) 41 24| ne. 21; 8 15) 6.7) 1.5)10.5 
80} 96) 30.9) +8.7) 50) 25) 44) 32) 1) 36) 13)... 9.70) +2.0| 27) 9.7] se 35] se. 3} 81) 9.9124) .0 
22) 67/429, 45/429. 2.0) —4. 5) 31) 22) 9|—18) 31 2} —2| 77) .33) —.7) 5.6) n 30} se. 22; 5) 7.4) 3.5) 2.0 
Hawaiian Islands 
38} 86) 100) 29.96) 30. 73.1) 81) 16] 78] 64) 8] 69) 14] 64] 76] .55) —3.4) 12) 8&4) e. 30) sw. | 27; 18) 5) 5.4) .0 
LATE REPORTS FOR NOVEMBER 1939 
Greenville, Maine....|1,069! 4] 41] 28.89) 46 37; 20) 22) 26; 26) 2.60).....- nw. 30} nw. | 17) 9 7] .5) .0 
Lemmon, 8. Dak... 2, 602 66 16| 51 9} 2) 24) 30) 20) 21)... 114) s. 33) n. 23 0 
Springfield, Minn-- 025 70 51; 15) 27 44; 29) 21 2 5.8) s 0 
1 Data are airport records. 
* Barometric and hygrometric data from airport, other data city office records. 
2 Observations taken bihourly. 
4 Pressure not reduced to mean of 24 hours. 
Note.—Except as indicated by notes 1 and 2, data in table 2 are city office records. 
Taste 3.—Data furnished by Canadian Meteorological Service, December 1939 
Pressure Temperature of the air Precipitation 
Altitude 
a Stati level 
mean tation | Sea leve 
Stations sea level, || reduced | reduced Mean | Mean Total 
Jan.1, || tomean | tomean| poi, roe f maxi- mini- | Highest | Lowest Total at ul 
1919 of 24 of 24 ean yom mum | mum from | | snowfa: 
hours hours normal |} min.+2 | normal pormal 
Feet In. In. In. oF. oF. A oP. In. In, In. 
ape Race, Newfoundland -___ |, EE CR CR 32.7 +2.5 37.2 23.2 47 16 4. 37 —0. 69 &.0 
Sydney, Cape Breton Island 48 29. 51 29. 64 —0. 26 31.8 +2.8 36.9 26.8 55 15 4.38 —.97 13.3 
Halifax, Nova Scotia. 88 29. 43 29. 70 —.25 29.8 +1.5 35. 2 24.4 52 oo) 4.78 —.62 5.2 
Yarmouth, Nova Se 65 29. 61 29. 72 32.3 +1.3 37.6 27.0 56 4.63 —1.12 22.2 
Charlottetown, Prince Edward Island... 38 29. 59 29. 67 —. 25 27.2 +2.0 31.9 22.4 55 6 3.99 —. 62 233.8 
28 29. 55 29. 66 22.6 +3. 6 29.2 15.9 52 -3 2.12 —1.07 8.9 
= 29. 68 29.71 —. 25 22.1 +5.6 26.7 17.5 48 2 3.01 +. 30 12.1 
187 20. 60 29. 82 —. 21 22.0 +2.4 26.9 17.1 —4 3. 57 —.17 14.6 
RE eae ee 236 29. 44 20. 82 -.2B 19.5 +1.8 25. 8 13.2 46 —10 3. 66 +. 82 25. 4 
285 29. 53 29. 85 26.8 +2.4 33.4 20.3 48 -2 3.72 +. 86 10.1 
eee eee 379 29. 44 29. 87 .19 31.4 +3.9 36.2 26.6 49 5 1, 24 —1.34 2.9 
142 +6. 2 20.8 7.6 37 —18 2.74 +1.17 25.0 
White River, Ontario................-.. 1, 244 28. 48 29. —.13 17.1 +8.5 25.0 9.3 39 —-B 2.16 +. 36 19.0 
808 29. 00 30.5 +3.7 35.7 25.4 50 4 1.83 —1,71 5.2 
Southampton, Ontario.................. 656 29. 12 29. 85 -—.17 29,4 +2.9 35.4 23.5 50 4 2.24 —1.64 12.8 
Parry Sound, Ontario. -...............- 688, 29.14 29. 85 —.17 25.1 +4.3 31.3 18.9 45 —6 1. 22 —3. 23 1.8 
Pert Arthur, Outerte.............-...-- #44 29. 18 29. 91 —.13 22.4 +8.8 29.8 15.1 50 —49 .49 —.40 2.2 
Winnipeg, Manitoba-__...............-.- 760 29. 08 29. 96 —.14 20.9 +14.9 2.1 13.7 53 —14 . 30 —. 61 14 
Minnedosa, 1, 690 28. 10 29. 98 —.10 22.2 +14. 2 29.5 14.8 54 —13 —. 45 1.3 
860 28. 95 29. 96 —.09 14.3 +141 7.0 48 1.00 +. 46 8.0 
Qu’ Appelle, 2,115 27. 62 29. 97 22.7 +12.3 30. 4 15,1 58 —22 1.18 +. 45 10.7 
Moose Jaw, 26.6 +15. 5 34.9 18.3 67 65 +. 06 6.5 
Swift Current, Saskatchewan..........-. 2, 392 27.10 30. 01 —.07 27.9 +10.9 37.6 18. 2 68 ~il . 65 +. 01 4.9 
Medicine Hat, Alberta. 2, 365 27. 42 29. 98 —.08 28.8 +9. 4 40.3 17.2 67 1,03 +. 35 7.8 
Prince Albert, 1,450 28. 35 29. 96 —.12 17.4 +12, 2 24. 4 10.5 50 —15 1.75 +1. 03 17.3 
Battleford, Saskatchewan. ---......-..-- 1, 592 28.12 29. 93 —.14 18.0 +11.8 26.0 10.0 54 — 1.20 +.79 10.5 
2, 150 27. 47 24.9 +10.9 32.8 17.0 61 —8 —. 31 3.0 
Kamloops, British “Columbia 1, 262 29.99 —.12 30.4 +12. 2 44.5 34.3 60 21 .72 1.6 
Victoria, British Columbia-___........-- 230 29. 69 29. 04 —.10 45.8 +4.8 49.3 42.3 55 42 5. 47 +. 00 0 
Estevan Point, British Columbia....___ 20 29. 81 29. 83 —.12 46.8 +4.7 50.9 2.6 54 31 2%. 37 +10. 67 0 
LATE REPORTS FOR NCVEMBER 1939 
Battleford, Saskatchewan_.............- 1, 592 28. 22 30. 00 —0. 04 2.2 +8.0 38. 2 18.2 56 8 45 0. 00 14 
St. George’s, 30. 04 —.01 69.3 +1.2 73.6 65.1 83 55 8.02 +2. 93 
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Place 


Rochester, N. Y., and vicin- 
ity 


New York, N. Y., and viein- 
ity. 


California, northern portion 

Port Angeles, Wash... 

New Orleans, La 

Indiana, Ohlo River to north 
of Monticello and Bluft- 
ton. 


Washington, D, C,, and vi- 
cinity.! 


i From press reports, 
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4.—Severe local storms, December 1939 
{Compiled by Mary O. Souder from reports submitted by Weather Bureau officials} 


The table herewith contains such data as has been received concerning severe local storms that occurred during the month. A revised list of tornadoes will appear in the Untited 
States Meteorological Yearbook] 


Width 


Value of 
property 
destroyed 


Character of 
torn 


Remarks 


o 
5 


.| Snow and wind... 


Falling trees and limbs caused much damage to telephone and power lines; 

minor property damage. 

Wind velocity of 56 miles recorded at 3:15 a. m., remaining high along the 
coast allday. Barges torn from their moorings. A ferry plying between 
Nyack and Tarrytown blown onto a mud bank remaining for more than 
9 hours. Small buildings lifted from their foundations. A cross blown 
from a Brooklyn church steeple and a 15-ton trailer truck blown over in 
Newark, N. J. 

Damage to small buildings and power lines in portions of Siskiyou County. 

All communication lines disrupted. 

A house and contents destroyed; other property damaged; 3 persons injured. 

Motor traffic throughout the northern and central parts of the State inter- 
rupted as sleet covered windshields. In Indianapolis traffic slowed to a 
snail’s pace and streetcars and buses were jammed as motorists aban 
doned their cars in garages and took to the street railways All com- 
mercial air lines operating into Indianapolis ordered their planes grounded. 

3-inch, 8-hour snowfall and low temperature caused injury to 12 persons. 
A biting northwest wind handicaped snow-removal squads as they 
sought to open streets and highways. Streets ice-covered at night as 
dropping temperatures froze the slush. Rock Creek Park and roads in 
nearby Virginia and Maryland trapped motorists who attempted to 
waeve to work in the morning rush hours. Property damage not esti- 
mated. 
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